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THE KEVIN-SUNBURST OIL FIELD AND OTHER POSSIBILI- 
TIES OF OIL AND GAS IN THE SWEETGRASS ARCH, 
MONTANA 


By ARTHUR J. COLLIER fe ae 


INTRODUCTION FRED 


The discovery of oil near Kevin, Mont., in March, 1922, gave 
prominence to the Sweetgrass arch, which is a large structural uplift 
somewhat similar in size and degree of folding to the Cincinnati arch. 
Most of the development so far attempted on this fold has been on 
the Kevin-Sunburst dome, a bulge upon the crest of the arch just 
south of the Canadian boundary. The dome covers about 16 town- 
ships, is nearly circular in outline, and has very low dips away from 
its highest point in all directions. Within the last five years (1923— 
1927) about 1,500 wells have been drilled upon it, over 880 of which 
are rated as productive. Since May, 1925, the field has stood second 
in production in the Rocky Mountain States being exceeded only by 
Salt Creek. 

The Sweetgrass arch was described and named by Stebinger. The 
position of its crest is marked by an area of nearly flat-lying Colorado 
shale extending a distance of about 100 miles northward from Great 
Falls to the Canadian boundary and averaging about 40 miles in 
width from east to west. The Great Northern, Chicago, Milwaukee, 
St. Paul & Pacific, and Canadian Pacific railways traverse this area, 
and it is consequently well supplied with transportation facilities. 

After the discovery well was drilled in March, 1922, the Kevin- 
Sunburst field was surveyed in some detail by the United States 
Geological Survey,’ and in 1923 the investigation was extended over 
the southern part of the arch. Several adjoining and related areas, 
such as the Sweetgrass Hills region, the Crown Butte and Willow Creek 
domes, and the north front of the Little Belt Mountains, were included 
in the study. In May, 1925, the’ field was again visited and the 
development since 1922 was reviewed. i^ 

The record of developments made in 1927 and 1928 has been 
compiled from current newspapers and oil journals, the monthly 
reports of the conservation branch of the United States Geological 
Survey, and the weekly reports of the Northern Oil Information 
Bureau of Shelby, Mont. 


1 Btebinger, Eugene, U. 5. Geol, Survey Вий. 641, pp. 61-65, pl. 4, 1916. 
! Kevin-Sunburst dome: U, 5. Geol, Survey Press Bull, September, 1922, 
* U. 8. Geol, Survey Press Bull., January, 1926. 
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IMPORTANT EARLIER INVESTIGATIONS 


In 1897 Weed completed an examination of the Little Belt 
Mountains, which lie south of Great Falls and in which the rocks 
underlying the Sweetgrass arch are exposed. 

In 1906 Fisher * examined and described an area around Great Falls 
in which rocks from the Madison limestone to the Colorado shale are 
exposed. 

In 1914 Stebinger è described the Two Medicine formation in the 
neighborhood of the Sweetgrass arch and its relation to the Claggett 
and Judith River formations farther east. In 1916,' in a report on 
the coal resources of northern Teton County .(now called Glacier 
County), he described the formations above the Virgelle sandstone 
more fully than in his previous paper; and in “Possibilities of oil and 
gas in north-central Montana ће first mentioned the Swee 
In 1917 he described the anticlines in the Blackfeet Indian Reser- 
vation, and in 1919 the oil and gas geology of the Birch Creek-Sun 
River area,’ which lies southwest of the Sweetgrass arch. 

In 1921 Kemp and Billingsley described the structural, strati- 
graphie, and petrographic relations of the igneous rocks involved in 
the Sweetgrass Hills, which are shown to be of laccolithie origin. In 
other words, they were formed by large masses of igneous rock that 
were forced upward through fissures until they were able to spread 
horizontally between the sedimentary beds, thus doming the strata 
above them. A part of the paper is devoted to a discussion of the 


Tass arch. 


sedimentary rocks surrounding the hills. 

Two papers by Reeves" on the peculiar structure in the region 
surrounding the Bearpaw Mountains, which lie to the east of the 
Sweetgrass arch, should also be mentioned. 

In 1915 Clapp * described the oil and gas fields of southern Alberta. 


4 Weed, W. H., Geology of the Little Belt Mountains, Mont.: U. S, Geol. Survey Twentieth Ann. 
Rept., pt. 3, pp. 257-581, 1899; U. S. Geol. Survey Geol. Atlas, Fort Benton folio (No, 55), 1805; Little 
Belt Mountains folio (No. 50), 1899, 

5 Fisher, C. A., Geology of the Great Falls coal field: U. В, Geol, Survey Bull. 356, 1909. 

'Stebinger, Eugene, The Montana group of northwestern Montana; U. 8. Geol. Survey Prof, Paper 
90, pp. 61-68, 1914. 

т Stebinger, Eugene, Geology and coal resources of northern Teton County: U. 8, Geol. Survey Bull. 
621, Dp. 117-156, 1916; Possibilities of oil and gus in north-central Montana: U. 5. Geol. Survey Bull. 641, 
pp. 49-01, 1916. 

š Stebinger, Eugene, Anticlines in the Blackfeet Indian Reservation, Mont.: U, 5, Geol, Survey Bull. 
641, pp. 231-305, 1:17. 

* Stebinger, Eugene, Oil and gas geology of the Birch Creek-Sun River area, northwestern Montana: 
U. S. Geol. Survey Bull, 691, pp. 140-184, 1919, 

ю Kemp, J. F., and Billingsley, Paul, Sweetgrass Hills, Mont.: Geol, Soc. America Bull, vol. 32, pp. 
437-478, 1921. 

и Reeves, Frank, Geology and possible oil and gas resources of the faulted area south of the Bearpaw 
Mountains, Mont,; U, 8. Geol. Survey Bull, 751, pp. 71-114, 1924; Structure of the Bearpaw Mountains 
(in preparation). 

в Clapp, Е. G., Petroleum and natural gas resources of Canada: Canada Dept. Mines, Mines Branch, 
Pub. 291, vol. 2, pp. 265-340, 1915. 
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In 1917 Dowling ? presented evidence of the northwara extension 
of the Sweetgrass arch, and in 1919 М he reported on the gas and oil 
fields of Alberta, Saskatchewan, and Manitoba, 


FIELD WORK AND ACKNOWLEDGMENTS 


The field work on which this report is based was done by the writer, 
assisted by W. W. Boyer in 1922, by Ralph G. Lusk in 1923, and by 
J. M. Dunning in 1925. Many of the well locations and dese Tiptions 
are taken from the weekly reports of the Northern Oil Information 
Bureau, published at Shelby, Mont., by F. C. Platt. Acknowledg- 
ments for data are due to many geologists in the field, including 
Frank R. Clark and J. B. Headley, of the Western Petroleum Explora- 
tion Co.; С. J. Hares and У. В. Emery, of the Ohio Co.; Dorsey 
Hager, of the Sunburst Producing Co.; F. A. Davies, of the California 
Co.; J, P. Gerlough, of the Inland Empire Oil & Gas Syndicate; 
R. D. Ferguson, of the Geological Survey's supervisory field forces; 
Charles Emmons, Gordon Campbell, and many others. "Phe writer 
wishes also to express his appreciation of the unfailing courtesy of the 
many oil operators and residents he met in the field. 


TOPOGRAPHY 


The Sweetgrass arch is in the western part of the Great Plains. 
Its generally level surface is interrupted by many minor escarpments 
and low mesas caused by the outerops of hard sandstone and by gravel 
beds that protect small areas from erosion. "The laccolithie buttes 
of the Sweetgrass Hills rise to considerable heights, and the Marias, 
Teton, and Missouri Rivers and their tributaries have cut trenches or 
canyons across the plains which reach a maximum depth of 300 feet. 
The surface generally is covered with glacial débris, and the underly- 
ing bedded rocks are concealed except in local areas. A few small 
lakes and abandoned stream channels, exemplified by the Shelby 
trench, are also evidence of the great ice sheet that once covered this 
country. The altitude ranges from about 2,600 feet in the Missouri 
River Canyon to about 6,400 feet at the summit of the Sweetgrass Hills, 
but the surface generally is about 3,500 feet above the sea and slopes 
eastward at about 8 feet to the mile. 


CLIMATE AND CULTURE 


[11 


The climate of the Sweetgrass area is such as to make “dry-land 
farming" & precarious undertaking. About 1916 & succession of wet 
summers and successful crops induced settlement, and nearly every 


1 Dowling, D. B, The southern plains of е ос зда Geol. Survey Mem. 93, pp. 1-67, map, 1917. 
н Dowling, D. B., Slipper, S and MeLearn, F. H., Investigations in the gas and oil fields of Alberta. 


Saskatchewan, and Manitoba: Canada Geol, Survey riens. 116, pp. 1-9, maps, 1919, 
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available farm site was taken up. "Towns were established, and the 
country was prosperous. ‘Then came a series of dry years, and many 
of the farms were abandoned. In 1922 and 1923 small crops were 
again harvested and some of the farmers returned, but the discovery 
of oil in the Kevin-Sunburst field diverted attention from agriculture 
and increased prices of land to a point generally much above any 
possible agricultural value. Around the Sweetgrass Hills and the 
Little Belt Mountains climatic conditions are a little more favorable 
for agriculture, the oil excitement has been less disturbing, and there 
farming has been practiced with little interruption. Much land on 
the southwest side of the Sweetgrass arch, nearer to the Rocky 
Mountains, in Pondera, Teton, and Cascade Counties has been 
irrigated with water taken in ditches from the Marias, Teton, and 
Sun Rivers. Great Falls, the principal city in the area of the Sweet- 
grass arch, owes its name to a series of waterfalls along the Missouri 
River which furnish the power for the copper smelters located there 
and for neighboring towns and the Chicago, Milwaukee, St. Paul & 
Pacific Railway. Shelby, Kevin, Sunburst, and Sweetgrass, towns 
at the north end of the arch, are important on account of the oil 
developments. Valier, Conrad, and Choteau are the largest towns in 
the irrigated areas of the arch, and Fort Benton, a delightful old place 
on the Missouri-River about 80 miles below Great Falls, was for many 
years the head of steamboat navigation on the river and the principal 
trading post in northern Montana. The main line of the Great North- 
ern Railway crosses the arch in an east-west direction about 66 miles 
north of Great Falls. A branch leaves the main line at Havre and 
goes southwestward to Great Falls by way of Fort Benton and con- 
tinues southwestward to Helena. Another branch of the Great 
Northern extends from Sweetgrass, on the Canadian border, where it 
connects with a branch of the Canadian Pacific Railway, southward 
through the oil field, crossing the main line at Shelby, to Great Falls, 
and connects with stub roads to Valier, Choteau, and the Sun River 
Valley. From Great Falls it continues southeastward to connect 
with the Northern Pacific Railway at Billings. The Great Falls 
branch of the Chicago, Milwaukee, St. Paul & Pacific Railway extends 
from Agawam, in the irrigated section, southeastward to Great Falls 
and thence on to a connection with the main line at Harlowton. 
The region of the Sweetgrass arch is traversed by several State high- 
ways, some of which are hard-surfaced and may be traveled by auto- 
mobile in any weather, while others are in process of improvement, 
The Park to Park Trail between Great Falls and Choteau and the 
Roosevelt Trail at Shelby are examples of what can be accomplished. 
Other roads are good in dry weather but become almost impassable 
in wet weather, 
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WATER SUPPLY 


The large towns of the Sweetgrass arch and the irrigated lands on 
its west side are supplied with water from the Marias, Teton, Mis- 
souri, and Sun Rivers, and some of the smaller towns are supplied 
by wells that reach the Virgelle sandstone or by springs and short 
watercourses that rise in the Virgelle and other sandstones. Large 
areas covered by the Colorado shale have no potable water, and 
the residents of these areas depend on rain water collected in cisterns. 
Water for drinking is brought by rail to Sunburst and Kevin and 
hauled out to the wells. Water for drilling is obtained from small 
lakes and ponds or collected in artificial reservoirs made by damming 
shallow ravines and coulees. Many of the “unproductive” wells 
in the oil field yield either sulphur or salt water, and some of these 
are used as water wells. Although water for drilling is normally 
scanty, the supply is usually sufficient. 


SEDIMENTARY ROCKS 
STRATIGRAPHIC COLUMN 


The sedimentary rocks present in the Sweetgrass arch range in 
age from Algonkian to Recent, and in the Sweetgrass Hills these 
rocks have been domed by the injection of masses of lava, now 
solidified and forming the granite porphyry cores of the hills. 

The general character and thickness of the sedimentary formations 
of the Sweetgrass arch are shown in the following table: 


Sedimentary formations of the Sweetgrass arch 


Thick- 
Age Formation ness Oharacter 
(feet) 
M 35 a Thick surficial deposit of unstratifiod clay and sand con- 
NONE Olnatal dr 0-300 ا‎ Е - Ee ә 
Quaternary, Ласта] drift. OU) “taining erratic boulders. Stratifled clay and sand. 


Flaxville (?) Gravel capping large areas, especially in the southwestern 
Tertiary. avê] part of the arch. Believed to represent the Flaxville 
graver | gravel of Miocene or Pliocene age. 


Irregularly bedded sandy shale and sandstone showing 
brackish and fresh-water facies. At top heavy beds of 
sandstone containing Judith River oysters, Coal in the 
Sweetgrass Hills. 


Two Medicine 710 
formation. : 


= —— а ғ 
Virgelle sand- 200 | 150 feet of hard eross-bedded sandstone overlying about 50 


Stone, | feet of sandstone and shale in alternating thin beds. 


Dark-gray shale containing limestone coneretions and a few 

beds of bentonite. About 300 feet above the base sandy 
| 1,000 shale containing one or more thin bands of small dark 
pebbles and fish seales. Lower part dark bluish-gray 


shale, 


Upper Creta- 
668018. 


| Sandstone and fissile shale, usually dark bluish and brown- 


ish gray; thin beds of bentonite. Fish scales abundant 


Colorado shale, 


Blacklenf | | for about 200 feet near the top, which is in part equivalent 
Sandy 7004| tothe Mowry shale. Alternating thick beds of shale and 
member. sandy shale containing some conglomerate bands to the 


200 feet contains no 
wood iu places, 


base of the formntion. 'Phe lowe 
marine fossils bul quantities of fc 
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Sedimeniary formations of the Sweelgrass arch—Continued 


Ag Formation | Character 


ium of maroon shale at top, below which are 


2 ца- | Kootenai forma- P 1 ` 
Lower Creta раа ПД thick layers of shale and sandstone. Colors 


ceous. Чоп. | 2 variable. 
| Е | Blue-gray calcareous shale grading into light-brown lime- 
Jurassic, | Ellis formation. | 100-100 stone. At the base more or less ''sandstone" reported by 


drillers 


Major uncon- |- 
formity. 


South of Great Falls consists of shale, limestone, sandstone, 
i gypsum. Removed by pre-Ellis erosion from Sweet- 


з arch area, 50 far as known. 


Quadrant  for- 
mation. 


Absent. | 


Mississippian. | 


= -|-Unconformity? — IX = — —— 


White to dark-brown and black limestone with a few beds 
: | hl n nle eon nes 
Devonian. 333 of Ласк an ish shale containing smal 
| oil and som Exposed in Little Bell Mountains, 
| south of this area. 
С и a и -Uneconformity?—| — — ——. 


Anhydrife interbedded with shale, In well logs only. 
Equivalents undetermined, 


The upper part consists of 905 fect of dolomitie limestone 

and shule nhydrite in the upper S05 
Ordovician and | 1, 095 feet. 70 feet of anlry 360 feet from the top is the 

Cambrian, thickest bed. 
wer part consists of 705 feet of greenish to blue-gray, 
reddish-purple streak shale above at least 90 feet of 
quartzite. In part exposed in Little Belt Mountains 


Shale or slate, limestone, and quartzite exposed in Glacier 
Algonkian, Belt series. National Park and the Little Belt Mountains, Not yel 
reached in drill holes. 


ALGONKIAN ROCKS 


In the Little Belt Mountains, south of the Sweetgrass arch, and 
in Glacier National Park, about 75 miles to the west, there is a great 
thickness of Algonkian sediments called the Belt series, which pre- 
sumably underlies the Sweetgrass arch but has not been reached by 
drillers. 

CAMBRIAN TO SILURIAN (Р) ROCKS 

About 2,000 feet of unidentified rocks have been penetrated in the 
deep Potlatch well drilled near the crest of the Kevin-Sunburst dome 
in sec, 21, T. 34 N., R. 1 W. The following inferences as to the 
formations represented are made by comparing the log of this well 
with known outcrops in the Little Belt and Little Rocky Mountains. 
At a depth of 4,420 feet the well entered quartzite, which continued 
for 90 feet to the bottom of the hole. This quartzite is believed to 
be equivalent to the Cambrian Flathead quartzite of the Little Belt 
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Mountains ® and possibly to the basal Cambrian conglomerate or 
quartzite of the Little Rocky Mountains.’ Above the quartzite 
there is 705 feet of shale resembling in hardness the Colorado, Koo- 
tenai, and Ellis shales. It is described as greenish to blue-gray shale, 
streaked with reddish purple. This shale probably corresponds with 
the Cambrian shales and impure limestones in the Little Belt Moun- 
tains, where they are over 1,000 feet thick." Above the shale is 200 
feet of limestone and caleareous shale which is probably also Cam- 
brian, corresponding with the Yogo limestone of the Little Belt 
Mountains. This underlies about 600 feet of dolomitic limestone 
interlayered with several beds of anhydrite from 10 to 70 feet thick. 
This may also be in part Cambrian, though its stratigraphic position 
suggests a correlation with the Ordovician Bighorn limestone exposed 
in the Little Rocky Mountains. Between this limestone and the 
Devonian Jefferson limestone there is 275 feet of nearly pure pearl- 
gray to brown anhydrite, which has been doubtfully assigned to the 
Silurian by Jean P. Gerlough, geologist of the Potlatch Co. Anhy- 
drite is lacking in the Little Belt and Little Rocky Mountain sections. 
A thickness of about 900 feet intervenes between the base of the 
Devonian and the supposed Cambrian, whereas the Ordovician 
limestone in the Little Rocky Mountains is less than 300 feet thick. 
'The nearest known Silurian is several hundred miles to the northwest, 
in the Rocky Mountains of British Columbia, where it consists of 
about 1,300 feet of dolomite and quartzite." 

At about the same horizon in the California well near Agawam, in 
sec, 25, T. 26 N., R. 5 W., was found 438 feet of interbedded shale and 
anhydrite with a small amount of dolomitic limestone. In the 
California well log a fragment of a trilobite is mentioned. According 
to the customary interpretations of geologists this anhydrite indicates 
a period when the climate was dry. It may be, however, that the 
anhydrite is an alteration product of limestone. If it is, it may 
include equivalents of Silurian, Ordovician, and Cambrian limestones. 


DEVONIAN ROCKS 


Devonian fossils taken from the drill core of the Troy-Sweetgrass 
well, in sec. 21, T. 34 N., В. 1 W., by J. P. Gerlough, company 
geologist, were examined and reported on by G. Н. Girty, of the 
United States Geological Survey. The formation is believed by 
Gerlough to be 333 feet thick and may include representatives of 


18 Weed, W, H., Geology of the Little Belt Mountains, Mont.: U.S. Geol. Survey Twentieth Ann, Rept., 
pt. 3, p. 281, 1900. 

и Collier, А. J., and Catheart, 5, H., Possibility of finding oil in laceolithic domes south of the Little 
Rocky Mountains, Mont.: U, В. Geol. Survey Bull. 786, p. 173, 1922, 

и Weed, W. H., op. cit., рр. í 236. 

u McConnell, В. G., Geological structure of а portion of the Rocky Mountains: Canada Geol, Survey 
Ann. Rept., new ser., vol. 2, рр. 150-220, 1887, 
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both the Threeforks shale and the Jefferson limestone. In the 
California Co.’s well in sec. 25, T. 26 N., R. 5 W., the Devonian is 
reported by H. L. Burchfield, company geologist, to be only 215 feet 
thick. The top of the formation can not be definitely placed in 
either well, and if the anhydrite is a product of alteration of lime- 
stone its bottom can not be surely located. In the report on the Little 
Belt Mountains the Threeforks shale is described as thin-bedded 
shaly limestone containing much clayey matter with thickness varying 
from 40 to 140 feet, and the Jefferson limestone is described as bluish- 
black or chocolate-brown limestone. In the report on the Little 
Rocky Mountains ? the Jefferson limestone is described as a dark 
rock giving when struck with a hammer an odor suggestive of petro- 
leum. It carries a small but distinctive fauna and is believed to be 
capable of producing oil in favorable localities. "The formation 
beneath the Sweetgrass arch consists mainly of limestone, but as 
shown by well logs it carries some interbedded black and greenish 
shale. 
MADISON LIMESTONE 

The Madison limestone is reported from the diamond-drill core of 
the Troy-Sweetgrass well, in sec. 21, T. 34 N., R. 1 W., to be 783 feet 
thick and from the California Co.'s well in sec. 25, T. 26 N., R. 5 W., 
to be 866 feet thick. This difference is to be expected, for at the top of 
the formation there is an unconformity representing the whole of 
Pennsylvanian, Permian, and Triassic time, and part of the formation 
was surely eroded and washed away during that time. The surface 
of the Madison in the Triassi 
for many miles north and south, to the north resting on Devonian 
rocks and to the south on Pennsylvanian and Permian rocks. The 
exact position of the base of the Madison can not be recognized with 
certainty from the drill cuttings. The whole formation is composed of 


‚ period was a great lowland extending 


light-colored limestone, as shown by the logs of the two wells cited 
above. As revealed by the drill core of the Troy-Sweetgrass well, 
the lower 127 feet is dark impure and more or less shaly limestone 
containing many chert layers. For 210 feet above this the limestone 


is described as tight and hard, with a tendency to run to chert, 
In both of these parts the Madison limestone contains small showings 
of oil in vertical fractures. Above this the rock is described as white to 
light brown and as soft and coarsely crystalline to hard and fine 
grained. 

In the Little Belt Mountains, according to Weed,? the Madison 
limestone is composed of а lower shaly portion, to which he applied the 


и Weed, W. H., op. cit., pp. 287-289. 
% Collier, А. J., and Catheart, S. H., op. cit., p. 178. 
и Weed, W. H., op, cit,, p, 290. 
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names Paine shale and Woodhurst limestone. The limestone beds are 
separated by thin argillaceous layers which on weathering often 
coat the whole surface with red. ‘The upper portion, called the Castle 
limestone by Weed, is massive and shows no bedding. The thickness 
of the whole formation is 1,100 feet, of which about one-third is shaly. 
Probably the shaly lower part of the Madison reported at the Troy- 
Sweetgrass well corresponds with the Paine shale of Weed. In the 
Little Rocky Mountains * the Madison measures 1,300 feet, 800 feet 
of the lower part of which is thinly bedded with some intervening 
shale and is called the Lodgepole limestone; the massive upper 
portion is called the Mission Canyon limestone. Some of the shale 
probably has a red color, for on the walls of Mission Canyon it has 
washed out and coated the Lodgepole limestone with large splotches 
of red. In the Little Rocky Mountains the Madison yielded a 
fauna of about 65 species, most of which were collected in the lower 
shaly beds. If it were well exposed in the Sweetgrass arch it would 
probably be found as rich in fossils there as in the Little Rocky 
Mountains. The formation crops out around East Butte in the 
Sweetgrass Hills. 
QUADRANT (?) FORMATION 


Some time after the Madison limestone was deposited, probably 
in the Triassic period, this part of Montana emerged from the sea and 
was subjected to erosion, which removed the later sedimentary rocks 
and in the Sweetgrass arch cut into the Madison limestone itself. 
About 25 miles south of Great Falls a portion of these missing rocks 
is preserved in what is called the Quadrant formation, exposed along 
Ming Coulee and at Riceville. 

A description of the Quadrant formation adapted from Fisher is 
given here, but no positive evidence is at hand to show that any 
Quadrant rocks are present beneath the Sweetgrass arch proper. 
Later developments, however, may show that the Quadrant is 
preserved in some part of the arch. 

The Quadrant formation comprises a succession of beds of variable 
character, which overlie the Madison limestone in apparent con- 
formity. The rocks, which are readily distinguished from those of the 
Madison limestone, consist of red and green shale, sandy in part, 
interbedded with limestone and gypsum. Most of the fossils are 
marine, but near Ming Coulee the writer found a bed about 20 feet 
thick of what appears to bé oil shale containing fish scales and lepi- 
dodendrons, plants that grew during Carboniferous time. The 
Quadrant formation as exposed south of Great Falls is regarded by 
G. H. Girty as of Mississippian age. 


1: Collier, A. J., and Cathcart, 8. H., ор, cit., р. 173. 


66 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1929, PART II 
MADISON-ELLIS UNCONFORMITY 


The Ellis formation of the Sweetgrass arch was deposited upon the 
planed-off surface of the Madison limestone. A few miles south of 
the arch it rests on the Quadrant formation; farther south on the 
Pennsylvanian and Permian; and at the Wyoming line on the Triassic. 
In the Rocky Mountain front near the Teton River, about 25 miles 
west of Choteau, an unconformity separates the Ellis and an un- 
differentiated Mississippian formation that is probably equivalent to 
the Quadrant but is correlated by Stebinger ? with the Brazer lime- 
stone of Utah and Idaho. North of Birch Creek in Montana it is not 
exposed along the Rocky Mountain front. Kindle,“ of the Canada 
Geological Survey, has recently reported the identification of a 
Triassic formation west of the Rocky Mountain front, near Banff, 
about 250 miles northwest of the international boundary at Sweet- 
grass, About 140 miles east of the arch, in the Little Rocky Moun- 
tains, the Ellis formation can be seen resting upon the Madison 
limestone, and a similar relation is believed to exist in a deep well 
drilled in the Bowdoin dome, 60 miles farther east. In the Big 
Snowy Mountains, about 70 miles south of the Little Rocky Moun- 
tains, the Quadrant formation is present between the Madison and the 
Ellis, as it is south of Great Falls. North of the international bound- 
ary for about 400 miles there are no outcrops that reveal the pre-Ellis 
surface, and it is so deeply covered with Upper Cretaceous and 
Tertiary sediments that it has been penetrated by the drill in only a 
few localities. About 450° miles due north of the international 
boundary at Sweetgrass an unconformity between the Devonian and 
what is probably the Dakota formation is exposed for many miles 
along the Athabaska River and is believed by the writer to be a 
northern extension of the pre-Ellis unconformity. If so it is necessary 
to assume that erosion has proceeded farther there than beneath the 
Sweetgrass arch and has removed the whole of the Madison limestone, 
and that the land surface was exposed to erosion for a longer period of 
time, extending through the Jurassic. 

This unconformity therefore represents a great Triassic or possibly 
early Jurassic peneplain extending at least 800 miles from north to 
south and 300 miles from east to west, the surface of which was cut 
on Triassic, Permian, Pennsylvanian, Mississippian, and Devonian 
rocks. It may be of great economic importance in Canada, for the 
Athabaska tar sands are just above it and аге thought to have derived 
their petroleum from the Devonian rocks and the lowest production 
of the Turner Valley field northwest of the Sweetgrass arch is reported 


я Stebinger, Eugene, Oil and gas geology of the Birch Creek-Sun River area, northwestern Montana: 
U. 8. Geol. Survey Bull. 691, p. 155, 1919, 

и Kindle, E. M., Standard Paleozoic section of the Rocky Mountains near Banff, Alberta; Pan-Am; 
Geologist, vol, 42, pp, 113-124, 1924, 
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to be obtained just below the unconformable contact of a late Paleo- 
zoic dolomite with the Jurassic.” It is of great economic importance 
in Montana, for the principal oil sand of the Kevin-Sunburst oil 
field lies just above it. 

Plate 11, a general view taken near Stockett, Mont., by Fisher, 
shows this unconformity, and Plate 12, A, shows the detail of the 
weathering and channeling of the Madison surface and the gravel 
and other material left upon it before it was submerged. Plate 11 
shows that the bedding of the Madison formation makes a definite 
angle with that of the Ellis, and a similar discordance is to be expected 
wherever these formations are in contact. Wells drilled through the 
Ellis into the Madison can not be expected to strike the same bed of 
the Madison everywhere, and if oil were struck in the Madison it 
could not be expected at a uniform depth below the Ellis-Madison 
contact. 

Although there is no conclusive evidence that any remnants of the 
Quadrant formation exist in depressions in the Madison limestone 
beneath the Sweetgrass arch, it is possible that some of the wells, 
whose logs show an unusually thick interval between the top of the 
Ellis and the characteristic Madison limestone, may pass through a 
part of the Quadrant. The logs of the California well in sec. 25, 
T. 26 N., R. 5 W., near Agawam, and the Transcontinental well in sec. 
8, T. 23 N., R. 9 E., near Fort Benton, are more easily accounted for if 
if is assumed that at these places and perhaps extending across the 
arch between them remnants of the Quadrant are present. 


ELLIS FORMATION 


The Ellis formation, which overlies the Madison limestone of the 
Sweetgrass arch, is from 100 to 400 feet thick. In the oil field on the 
north side of the Kevin-Sunburst dome the thickness shown by well 
logs ranges from 200 to 260 feet and averages about 238 feet. As 
exposed around East Butte, in the Sweetgrass Hills, the formation 
consists of three or four alternating beds of light-colored shale and 
limestone. Its fossils are characteristic Belemnites and Gryphaea. 
A small collection made in see. 15, T. 36 N., R. 5 E., was examined 
by J. B. Reeside, jr., who reports that it contained Gryphaea nebras- 
kensis Meek and Hayden, Kepplerites sp. undet., and Belemnites 
densus Meek and Hayden. Mr. Gerloügh, who had charge of the 
Troy-Sweetgrass well while it was being drilled, reported that frag- 
ments of Belemnites and Gryphaea were found in the Ellis formation, 
but no specimens were seen by the writer. Fragments of small 
crinoid stems were also found in drill cuttings from the Ellis formation, 
collected by Ivan Delashmutt from the Big West Oil Co.’s wells 


% McLearn, F. H., and Hume, С. S., Stratigraphy and oil prospects of Alberta, Canada: Аш. Assoc. 
Petroleum Geologists Bull, vol, 11, pp. 230-240, 250-259, 1027, 
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Nos. 2 and 8. These fragments might have been originally deposited 
in the Ellis, the Quadrant, or the Madison formation. If in the 
Madison, they have probably been eroded from it and redeposited 
in the basal *sand" of the Ellis formation. The gravel from the 
basal “sand” of the Ellis in the Big West Steele No. 2 well contained 
several large Madison fossils which had been redeposited in the Ellis. 
The exposures of the Ellis formation south of Great Falls differ greatly 
from those in the Sweetgrass Hills. A section measured near the 
head of Ming Coulee by Fisher * is as follows: 


Section of the Ellis formation at head of Ming Coulee 


Feet 
Sandstone, gray, weathering to brown, thin ђеддеа_________- 60 
Sandstone, gray, conglomeratic, fossiliferous..__.-.....----.- 29 
Limestone, dove-colored, massive; basal member brecciated, 
ТОБИ Е — = =. Jo en dane ہے = ےھ‎ ps с Е 4 6 
140 


The fossils present are chiefly Camptonectes and Ostrea. The Ellis 
formation in the Great Falls region does not contain many fossils, 
and the characteristic Belemnites and Gryphaea have not been reported. 
As exposed along Sand Coulee, about 8 miles above Stockett, it 
comprises & considerable bed of yellowish-gray sandy limestone con- 
taining Dosinia cf. D. jurassica Whitfield, as determined by Reeside, 
and two species of gastropods indicated by natural cross sections. 
This is overlain by a rather thick bed of conglomerate weathering 
red. At Stockett the Madison is overlain by a reddish-brown cal- 
careous sandstone which is believed to belong to the Ellis formation, 
though no fossils were found in it. The coal bed in the Kootenai 
formation is only 130 feet above the Madison formation as deter- 
mined by barometer readings at this point. 

The well drillers in many places in the Sweetgrass arch can not tell 
the exact upper limit of the Ellis formation. In many wells it is put 
at the top of a thin yellow bed of shale or sandstone, but this bed is 
not recognized in all the well logs, or if recognized it is not reported. 
It underlies the Sunburst sand at the base of the Kootenai formation. 
The bottom of the Ellis is usually distinguished without difficulty, 
for the massive Madison limestone is encountered just below it. 
Above this contact there is a bed, from a few inches to 20 feet or 
more thick, which is described in well logs as “sand,” “broken 
limestone," or “shale” and which is called the “Ellis sand" by the 
well drillers. In nearly every well in the Kevin-Sunburst dome of the 
Sweetgrass arch this ‘‘sand” carries oil, gas, or sulphur water, in 
aome wells all three. 


м Fisher, C, А,, The geology of the Great Falls coal field, Mont.: U, 5, Geol. Survey Bull, 356, p. 28, 1909. 
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U. 8. GEOLOGICAL SURVEY BULLETIN 812 PLATE 12 


A, THE WEATHERED AND CHANNELED SURFACE OF THE MADISON LIMESTONE 
AS EXPOSED ABOUT 1 MILE NORTH OF STOCKETT, MONT. 


a, Ellis formation; b, basal “sand” of Ellis formation; e, Madison limestone 


H. BLACKLEAF SANDY MEMBER OF THE COLORADO SHALE ON SOUTH SIDE OF 
MISSOURI RIVER NEAR CARTER FERRY, MONT., IN T. 22 N. В. 6 E. 


U. 5. GEOLOGICAL SURVEY BULLETIN #12 PLATE 13 


А. CLAY OF A GLACIAL LAKE BED LOCALLY 
DISTORTED BY A LATER GLACIAL OVER- 
THRUST, NORTH SIDE OF TETON RIVER 
NEAR SHANNON BRIDGE, MONT. 


B. VIRGELLE SANDSTONE EXPOSED ABOUT И MILES WEST OF SUNBURST, 
MONT., IN SEC, 13, T. 36 М В. 1 W. 


West Butte in background 


BULLETIN 812 PLATE 14 


U. 8, GEOLOGICAL SURVEY 


A. FOUR “DISCOVERY” PITS DUG NEAR A SECTION CORNER, IN ACCORDANCE 
WITH THE PROVISIONS FOR LAND LOCATION UNDER THE PLACER-MINING 
LAW 


View taken near the Miller well 


B. MINIATURE ANTICLINE IN THE BLACKLEAF SANDY MEMBER OF THE COL- 
ORADO SHALE, PROBABLY DUE TO GLACIAL THRUSTING 
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The contact of the Ellis and Madison formations is well exposed in 
the railroad cut a short distance north of Stockett, as shown in Plate 
12, A. Here the surface of the Madison limestone is irregular and 
contains many channels and cavities due to pre-Ellis erosion. Rest- 
ing upon it and filling the cavities and channels is a few feet of material 
consisting of iron-stained soil, rounded pebbles, small boulders, and 
secondary silica, forming what is called the basal ‘‘sand” of the Ellis 
formation, above which lie the regularly bedded strata of the Ellis. 
This “sand ” is probably not wholly of Ellis age but consists, at least 
in part, of residual materials accumulated during the erosional period 
which was ended by its submergence beneath the Ellis sea, 


KOOTENAI FORMATION 


The exact points at which the top and bottom of the Kootenai 
formation should be placed can not be determined in many well logs, 
and its thickness of 350 feet is an average based on well logs and 
estimates. In the Sweetgrass Hills the bottom of the formation is 
well marked by a change in lithology and color, the Kootenai being 
dark reddish-brown sandy shale and the Ellis light-eray calcareous 
shale. The diamond-drill core of the Troy-Sweetgrass well shows the 
Ellis as a blue-gray caleareous shale grading to light brown and the 
Kootenai as & hard black shale. On Ming Coulee south of Great 
Falls the Ellis at its upper contact is a massive sandstone and the 
Kootenai is reported as a green sandy shale. 

The top of the formation is very uncertain. Drillers usually call 
the first occurrence of red strata the top of the Kootenai. The posi- 
tion of the first red bed noted, however, may be about 200 feet above 
or below the average, and in some holes no red rocks at all have been 
noted by the drillers. Fisher puts the top of the Kootenai at the 
top of a 21-foot bed of reddish sandy shale, and in his map of the 
Great Falls coal field its outerop is shown a little north of the smelter 
stack at Great Falls. The Kootenai is made up of variously colored 
shale and sandstone of fresh-water origin. At Great Falls it has 
yielded many fossil plants and a few fossil fish, some of which are on 
display at the Great Falls Public Library. The coal mined south of 
Great Falls is obtained from a bed near the bottom of the formation, 
which does not extend far north. Near Great Falls the sandstones 
are hard and thick, and their outcrops account for the falls. From 
place to place the succession of sandstone and shale varies, and perhaps 
in some places the red beds may lens out, though more probably they 
lose their color locally. The Sunburst sand, which yields some oil and 
is the chief gas producer in the Kevin-Sunburst field, is at the base of 
the formation. This sand is 29 feet thick at the original Sunburst 
well, but in a well a short distance farther south it is thinner and 
hardly recognizable. 

33492^—29——2 
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COLORADO SHALE 


The Colorado shale, about 1,700 feet thick, consists of an upper 
part of about 1,000 feet of normal dark-gray shale containing very 
little sand and a lower part of about 700 feet of sandstone, shale, and 
conglomerate, which has been named the Blackleaf sandy member of 
the Colorado by Stebinger. These divisions will be described sepa- 
rately. 

BLACKLEAF SANDY MEMBER 


The succession of sandstone, shale, and conglomerate making up 
the Blackleaf member of the Colorado shale is about 700 feet in 
thickness and is variable from place to place, as shown by the well 
logs. Near its top in the Kevin-Sunburst dome are some thin-bedded 
sandstone and shale carrying fish scales and other fossils. This part 
of the section in places contains thin hard fissile shale resembling the 
Mowry shale as exposed around the Little Rocky and Bearpaw Moun- 
tains. There is, however, no well-defined formation with Mowry 
characteristics, and the fossil fish scales occur for at least 300 feet in 
ordinary dark-gray shale. This phase is also present on Belt Butte, 
southeast of Great Falls, and at several places along the line of 
escarpments extending eastward from Gordon, near the north line of 
T. 21 N., to the vicinity of Great Falls. А section of the rocks 
exposed north of Vaughn, which is constructed from partial measure- 
ments at several localities along this line of escarpments, is about as 
given below, but the figures are all approximate only. 


Section north of Vaughn 


Feet 

Shaly sandstone containing fish scales and other fossils, among 
Thom. CORETER CONICS Gam aerem tee ЦРН OE SE 50 
Нах ripple-marked sandstone..-.-....-.2--.---.-2- leen 25 


р shale carrying fish scales, in part resembling Mowry 


Н: ка eonglomerate and sandstone carrying fis dr ids tons and 


ammidgateg 73. ИВА РАИ НИ Аре dece ee کے‎ > 20 
Sandy shale, shale, and thin beds of bentonite, not well exposed_ 190 
Нава Coe и ОИ rn opie E pen ыы 50 
Gumbo shale, white to black, in thick lenses_______ ae = ~ 50 
Soft sandstone resembling white beach sand carrying fossil 

wood. A white escarpment north of Great КаПа_________- 30 
Sandstone containing large isolated rusty lenses of coarse con- 

glomerate and an abundance of fossil wood resembling Koo 

lena TOM ВИ Kian лса ыр э ee a ai 30 
Dark shale and sandstone, not well ехровед________________ 140 

655 


No marine fossils were found in the lower 400 feet of the section 
given above, and the great abundance of fossil wood present in places 
in it led the writer to the belief that either the upper boundary of the 
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Kootenai should be placed much higher in the stratigraphic column 
or the lower 400 feet of the Colorado shale is equivalent to the Dakota 
sandstone. Should determinable fossil plants or other fossils be found 
in this part of the section the problem might be solved. "The plants 
might be expected to belong to the Lower Cretaceous flora of the 
Kootenai or the Upper Cretaceous flora of the Dakota. 

A diamond-drill log of the Big West Oil Co.’s first well, in sec. 6, 
T. 34 N., R. 1 W., prepared by Ivan Delashmutt, geologist of the 
company, shows 500 feet of the upper part of the Blackleaf member 
graphically. (See pl. 17.) Alog of the California Co.'s well, in sec. 
25, T. 26 N., R. 5 W., made by H. L. Burchfield, geologist, shows 
the whole of this member in detail. (See fig. 2.) A view taken 
&eross the Missouri River near Carter Ferry, in T. 23 N., R. 6 W. 
(pl. 12, B), shows the upper part of the member. Well-preserved 
fish scales were found within a few feet above the shale exposed. In 
many of the wells of the Kevin-Sunburst dome large flows of gas 
and showings of oil have been encountered in the Blackleaf member 
of the Kootenai formation. 


UPPER PART OF COLORADO SHALE 


Above the Blackleaf sandy member the Colorado shale is rather 
dark gray with the exception of some thin beds of light-colored 
bentonite, and it contains many limestone concretions, 

About 300 feet above the Blackleaf member, or 700 feet below the 
top of the formation, there is a slightly sandy phase in which there 
is a layer from a quarter of an inch to 2 inches thick, sprinkled with 
small rounded black quartzite pebbles about one-tenth of an inch 
in diameter. This pebble band was the only definite layer available 
for mapping the structure in the summer of 1922, and it was found 
in nine or ten localities surrounding the dome. The assumption in 
the map presented in the press bulletin of September 7, 1922, that 
the band is continuous from place to place has proved to be correct. 
This sandy shale is often referred to as the Wall Creek sand by 
geologists who are familiar with Wyoming fields. Some light- 
yellow limestone concretions near the pebble band aided in the search 
for it. 

Fossils collected at 18 localities furnish evidence that at least 40 
species lived in the sea during Colorado time, but it should not be 
assumed that all the forms of life present in the sea at that time are 
represented. by these collections. The invertebrate fossils have been 
determined by J. B. Reeside, jr., and the vertebrates by C. W. 
Gilmore, and the results of these determinations are presented in the 
table following. 
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Fossila of the Colorado shale in the Kevin-Sunburst field, Montana 


11976 


Distanca below top 
NOV Sees ET 


“50-100 


5 
9 


ТТЕ 
| 2 T 
г | 300-400 


9590016 Бра | 
Serpula sp 
Uintacrint 
Inoceramus 1; 


У 


Grinnell z 
lotheiz oo 


" 
Ostres сопе 
Ostrea sp. undeseribe Ке 
Ostrea sp — 0-05 
Camptonectes platessa ame “4 
Anomia sp 
Veniella mortoni Meek and Ha ye den 
Veniella goniophora Meek 
Lucina subundata Hall and Meek 
Lucina sp. 
Cardium ef, C, 
Panope? sp. unde 
Martesia n. sp. 
and Hayden- 
Anchura ruida W 
Fusus sp. und 
Nautilus 
seri 
Baculit 
Baculit 
Baculites 
Васши 
Bacul 
Puzosia ( 


Я 


Shumard............ 

er Morton 

iff. В, anceps Lamnrek 
homi Reeside 2 


. undeseribed 
Scaphites larvaeformis? Meek and Hayden 
Scaphites warreni Meek and Haye 
Seaphites ventricosus Meek and Но; 
Seaphifes n. sp. aff. S. warreni and 5 


p. undescribed........... 


Seaphiti 
Seaphite 
Seaphites 
lelemnitel 
Hypsodon 

don low 


ind bones 
hauts. c cM 


, Near spring west of Campbell well, 
89. North side of Marias River southwes 
11984. South line sec. 20, Т. 24 N., К. 4 W., 
11990. South of Twenty Dollar Bill well, sec. 9, 


d 


11976. Bluff south side of Missouri River, opp Fort ‘Benton, sec. 2 ‚ R. 8 Е. 
12000, Teton River near brit north of Carter, sec. 9, T. М., R.6 
11971. Teton River near De ridge, north of Groat Falls, sec. 34, R.4 W. 


theridge road, 
"theridge road, 560. 14 (?), Т. 30 Na, В, 3 W, 
. 35 М., RE. 3 W, 


5 miles west of Shelb 


east of Campbell w 
rest of Shelby, sec. 8, Т, 
H к 1 mile below 
| 2 miles above 1 


T. 30 N., R. 1 W. 
31 N., В. 4 W, 

34 N., R. 2 W. 

;. 19, T. 22 N., R. 1 E. 

‚ 22 'N., К.І E. 

. 4, Т. 21 N., R. 1 E. 

21 N., R. 1 E. 


11080. 5 miles north of Vaughn, se 


The upper 500 feet of the Colorado of the Sweetgrass arch can be 
definitely correlated with the Niobrara formation by the contained 
fossus, though the distinctive light-yellow color characteristic of the 
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Niobrara of Wyoming and southeastern Montana is lacking here. 
Probably the next lower 400 feet can be correlated with the Carlile 
and Frontier formations, and the underlying 350 feet, containing many 
fish remains, a few invertebrates, and some shale resembling Mowry 
shale, can be correlated with the Mowry and Thermopolis shales of 
Wyoming. The lower part of the beds here included in the Colorado 
shale, in which no fossils other than wood have been found, may 
possibly be the equivalent of the Dakota sandstone. 

The correlations show that Ostrea congesta,” heretofore thought 

to be confined to the Niobrara formation, and Jnoceramus labiatus, 
once believed to be diagnostic of the Greenhorn, occur throughout 
the Colorado shale above the Mowry. Two collections, lots 11974 
and 11971, noted as containing Niobrara and Carlile types, are per- 
haps transitional between these formations. Smaller collections at 
about the same horizon do not show this phase. 
A rather small cigar-shaped fossil, Belemnitella, which has been 
eollected near Fort. Benton, is also to bd found in localities 11971 and 
11974, and several specimens were collected by the writer but lost 
before they reached Washington. 


‹ 


VIRGELLE SANDSTONE 


The Virgelle sandstone where well exposed is an outcropping ledge 
of rather light-colored, more or less massive rock about 200 feet 
thick. As measured in the escarpment northwest of Kevin, it con- 
sists of about 98 feet of hard sandstone overlying 134 feet of softer 
rock consisting in the main of sandstone but having some interbedded 
shale. Southwest of Sweetgrass it consists of 89 feet of massive 
sandstone and 92 feet of thin-bedded sandstone and shale. Sections 
of the Virgelle are given in the logs of the Griffith well in sec. 29, 
T. 37 N., R. 3 W., and the Mid-Northern well in sec. 7, T. 28 N., 
R.4 E. In places on the east side of the arch the Virgelle is eroded 
and covered with glacial drift. In the writer’s opinion the massive 
upper member of the Virgelle may not be as thoroughly cemented on 
the east side. It is well exposed in T. 29 N., R. 6 E., along the 
Marias River, and in the high hills called The Knees, in T. 26 N., 
К.З E. Plate 13, В, shows an exposure of the Virgelle sandstone. 

The Virgelle sandstone in the region around Havre is the basal, 
more massive member of the Eagle sandstone, but in this vicinity it 
is the only recognizable representative of the Eagle. No fossils were 
found in the Virgelle sandstone in the northern part of the arch, but 
а coal mined in sec, 20, Т. 19 N., R. 2 W., near Crown Butte, has been 
tentatively assigned to this for mation. 


" Darton, N. H., U. S, Geol, Survey Geol. Atlas, Мелусаз о folio (No. 107), p. 5, 1904. 
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TWO MEDICINE FORMATION 


The Two Medicine formation is the group of fresh and brackish 
water sedimentary rocks that in the Sweetgrass arch occupies the 
part of the section which, farther east, is held by the upper part of 
the Eagle sandstone, the marie Claggett shale, and the chiefly 
brackish and fresh water Judith River formation. section meas- 
ured on Goose Bill Butte, in T. 27 N., R. 7 E., is about as follows: 


Section on Goose Bill Bulte 


Feet 
а инле 7 ма ea © | 50 
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The Two Medicine formation is exposed at several places around 
the Sweetgrass Hills and yields coal at the McDermott mine. From 
a rather casual inspection the writer believes that the formation 
does not contain a clearly marine fauna at any place within the area 
described though brackish-water forms are abundant. Evidently the 
Two Medicine formation was deposited near the western edge of the 
Cretaceous sea. The following fossils collected in the summer of 
1923 have been identified by Mr. Reeside: 


11975. Southeast of Chester, sec. 3, T. 30 N., R. 7 E.: 
Ostrea glabra Meek and Hayden. 

This braekish-water specics ranges from Judith River to Lance, 
inclusive, 

11977. Near top of Goose Bill Butte, sec. 35, T. 27 N., R. 7 E.: 
Ostrea glabra Meek and Hayden. 
Corbula perundata Meek and Hayden. 
Anomia ef. А. gryphorhynchus Meek 
Goniobasis? subtortuosa Meek and Hayden. 
Goniobasis invenusta Meek and Hayden. 
Rhytophorus glaber Whiteaves. 

Brackish-water fauna. The species all occur in the Judith River 
formation, though it is possible that the brackish-water beds here 
include more than Judith River. 

11978. Goose Bill Butte, about 100 feet lower stratigraphically than 11977, sec. 35, 
Т. 27 М. В. 7 И: 
Ostrea glabra Meek and Hayden. 
Tancredia americana Meek and Hayden. 

Possibly Claggett, though the Ostrea indicates brackish-water 
conditions. 

11985. Two miles northeast of Bear's Den well, above a small coal bed in T. 36 
№. К. 5 E.: 
Ostrea glabra Meek and Hayden. 
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11996. Northwest side of Haystack Butte, 100 feet above base, sec. 16, T. 35 N., 
R. 4 W.: 
Membranipora sp. 
Ostrea glabra Meek and Hayden. 
Corbula perundata Meek. 
Corbula subtrigonalis Meek and Hayden. 
Goniobasis? subtortuosa Meek and Hayden. 
Same fauna as lot 11977. | 
11992. McDermott coal mine, вес. 31, T. 37 N., К. 2 E.: 
Unio priseus Meek and Hayden. 
Corbula perundata Meek and Hayden. 
Corbula subtrigonalis Meek and Hayden. 
Same fauna as lot 11977. 


In the writer’s opinion the McDermott mine is near the bottom of 
the formation, and Kemp and Bilingsley** report it as belonging to 
the Virgelle. 

FLAXVILLE (?) GRAVEL 


The road between Pendroy and Conrad lies for about 10 miles 
upon a high gravel terrace, and about 5 miles from Conrad, near the 
point where the road comes down from the terrace, there is a strong 
spring of good water which comes from the base of the gravel and is 
used by the farmers as far away as Conrad. In the same general 
neighborhood there are several small flowing wells, the water of which 
comes from a sandstone. Аз there is no sandstone in the underlying 
shale, the water-bearing sand is probably in the lower part of this 
gravel. At several places northeast of Pendroy the gravel is capped 
by a layer of marly limestone similar to that noted in the Scobey 
region. Because of this similarity the gravel is thought by the writer 
to be the Flaxville gravel, of Miocene or Pliocene age. Between 
Fairfield and Sun River there is another wide exposure of gravel which 
may also be of Flaxville age, though it is at a lower altitude. These 
gravel deposits conceal the country rock. 

Along the Teton River from Choteau te Shannon Bridge there is 
just above the shale from 4 to 20 feet or more of stratified clay re- 
sembling the shale in its bedding but readily distinguishable on close 
examination. About 8 miles east of Choteau this clay is exposed 
over a considerable area on the south side of the Teton River. At 
several localities farther east the clay can be seen between the shale 
and the glacial drift near the top of the river bluffs. Just above 
Shannon Bridge, in T. 25 N., R. 3 E., the clay layer is distorted locally 
by glacial thrusting into a rather sharp anticline shown in Plate 13, B. 
On the Fulton place, about 3 miles above Shannon Bridge, the clay 
layer is underlain by 6 to 10 feet of fine horizontally stratified 
gravel. The Miller well, in sec. 25, T. 34 N., В. 4 W., had caved when 


" Kemp, J. F., and Billingsley, Paul, Sweetgrass Hills, Mont.: Geol, Бос, America Bull., vol. 32, p. 463, 
1921, 
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examined, leaving a hole about 5 feet deep, the vertical sides of which 
showed horizontally bedded clay which may be of the same origin as 
that noted along the Teton. The position of the stratified clay along 
the Teton River shows that it was deposited before the last advance 
of the ice. 
GLACIAL DRIFT 

The glacial drift as exposed in the bluffs along the Marias River 
and the eastern parts of the Teton and Missouri Rivers in this area 
ranges in thickness from a few feet at the top of the canyon walls to 
the full depth of the canyons, or a maximum of about 300 feet. In 
these exposures it consists mainly of clay, but it carries boulders of 
granite and limestone which have been brought by the glacier from 
regions to the north or northeast, perhaps from around Hudson Bay 
and Lake Winnipeg. Around the Sweetgrass Hills the boulders are 
much more abundant and lie in irregular heaps and ridges. The 
southwestern part of the area discussed, south of a line extending 
from the neighborhood of Conrad to the Missouri River a little below 
Great Falls, was probably not covered by the glacier.” 


DISTURBANCE OF THE UNDERLYING SHALE BY GLACIAL 
OVERTHRUST 


On the Kevin-Sunburst dome several places were noted where the 
surface of the underlying bedrock is much disturbed, probably by 
the thrusting and squeezing of the ice during the glacial epoch. The 
most pronounced disturbance of this kind was found on Raglan Butte, 
in sec. 13, T. 34 N., R. 2 W., where the glacial action is almost cer- 
tainly indicated, although the distorted croppings of thin beds of 
sandstone and shale near the top of the Blackleaf member of the 
Colorado shale were once thought to indicate the presence of a fault, 
shown on one of the early maps of the oil field ds the Emmons fault. 

а a small exposure in sec. 8, T. 35 N., R. 2 W., the bedding of the 
shale has a strong northward dip, and here the Kevin fault was inferred 
and appears on the same old map. This dip is probably also due to 
glacial action, but the evidence so far discovered is not conclusive. 
If the disturbance is either a fault or a deep-seated flexure of the rock 
evidence of it will no doubt be found by the drilling, for it is in the 
neighborhood of some of the richest strikes yet made in the field. 
Plate 14, B, shows a small local anticline in the Colorado shale that 
may be due to glacial overthrusting or perhaps to the swelling of the 
weathered shale. 

ALLUVIUM AND SOIL 

Deposits of soil and alluvium in this area are thin, and as they do 
not affect the occurrence of oil, they are of only incidental and nega- 
tive interest to the oil prospector. 


и Fisher, С, A., Geology of the Great Falls coal field, Mont.: U. 8. Geol. Survey Bull. 356, pl, 1, 1909, 
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FORMATION BOUNDARIES 


The outcrop of the Virgelle sandstone was mapped by Stebinger 
as the boundary of the Sweetgrass arch, but the continuation north- 
ward into Canada of the arch is shown by the croppings of higher 
formations, and the low dips on the east and west sides of the arch 
continue for many miles beyond the outcrop of the Virgelle sandstone 
and indicate its great width. On the west side of the arch the out- 
crop of the Virgelle sandstone is easily traceable, for it forms many 
high escarpments, but on the east side the croppings of the Virgelle 
are obscured by glacial drift and are to be seen only in a few places. 
On the first published map of the Sweetgrass arch, in Geological Sur- 
vey Bulletin 641 (1916), and in the preliminary geologic map of 
central and eastern Montana published by the State School of Mines, 
University of Montana, in 1921, the east outcrop of the Virgelle sand- 
stone is shown about 40 miles too far east. Its true position is indi- 
cated on Plate 15, where definite positions of outcrop are shown by 
solid lines and inferred positions by broken lines, for the upper bound- 
ary of that member is somewhat indefinite at best, and its outcrops 
are in many places covered by glacial drift. It is placed on the 
accompanying map, however, to emphasize the geologic structure 
known to exist in this region. 


STRUCTURE 


The Sweetgrass arch is a large structural uplift extending from the 
neighborhood of Great Falls, Mont., northward for more than 100 
miles, to and beyond the Canadian boundary. Its crest is marked 
by an exposure of nearly flat-lying Colorado shale flanked on its east 
and west sides by slightly tilted Virgelle sandstone. Near its north 
end the uplift plunges northward beneath younger rocks at the Cana- 
dian line; south of Great Falis, in the Little Belt Mountains, the arch 
rises, exposing the whole succession of older sedimentary rocks down 
to the Algonkian. The regional structural features of the Sweetgrass 
arch, so far as they are known, are presented on Plate 15, and the 
structure of the Kevin-Sunburst dome is shown in greater detail on a 
larger scale on Plate 16. The position of the wells in the Kevin- 
Sunburst oil field, on the northern flank of the dome, is also shown 
on Plate 16. 


TYPES OF STRUCTURE SURROUNDING THE ARCH 


On the west side of the arch the Colorado shale is overlain progres- 
sively by the Virgelle, Two Medicine, Bearpaw, Horsethief, and St. 
Mary River formations, dipping gently to the west, beyond which 
lies the intensely folded and faulted belt of Cretaceous and Tertiary 
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rocks described by Stebinger.*° The nature and distribution of the 
rocks exposed along the plunging northern extension of the arch are 
shown on map 1779 and in the frontispiece of Canada Geological 
Survey Memoir 116. Near the Canadian boundary the gentle north- 
eastward dip of the formations on the east side of the arch is inter- 
rupted by a group of laccolithic domes that form the Sweetgrass Hills. 
South of these hills the slight eastward dip from the arch extends for 
many miles to the neighborhood of Virgelle and Kremlin. It is 
interrupted at intervals by narrow, sharply upturned and in places 
faulted anticlines, which are characteristic of the Bearpaw Mountain 
structure described by Reeves.” 

At the south end of the arch the rocks rise toward the pre-Cambrian 
core of the Little Belt Mountains. The Kootenai formation below 
the Colorado shale comes to the surface 1 mile north of Great Falls, 
and the Madison limestone, a still lower formation, is exposed about 
10 miles southeast of Great Falls, near Stockett. 


USE AND INTERPRETATION OF WELL LOGS IN DETERMINING 
THE STRUCTURE 


As the rocks exposed in the Sweetgrass arch are for the most part 
shales, in which few definite and persistent beds can be recognized, 
and as such horizon markers as may be found are extensively covered 
and concealed by glacial débris, the determination of the structure 
from surface examinations alone is unusually difficult. The difficulty 
is In part overcome, however, by the use of welllogs. More than 1,500 
wells in the Kevin-Sunburst dome (see pp. 04—168) and about 100 
wells scattered over the rest of the Sweetgrass arch have been drilled 
since 1922, and many of the logs are available for study. The deep 
wells outside of the Kevin-Sunburst dome that have been used in the 
preparation of the general structure map of the Sweetgrass arch 
(pl. 15) are as follows: 


и Stebinger, Eugene, Anticlines in the Blackfeet Indian Reservation, Mont.: U. 8, Geol. Survey hull. 
641, p. 292, 1917, 

м Reeves, Frank, Geology and possible oil and gas resources of the faulted urea south of the Bearpaw 
Mountains, Mont,; U, S. Geol. Survey Bull. 751, pp. 97-108, 1925; Structure of the Bearpaw Mountains 
(in preparation). 
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The whole stratigraphic section from the base of the Two Medicine 
formation to the basal sand of the Cambrian has been penetrated by 
wells, the logs of many of which are available. "These logs show that 
the total thickness of sediments from the top of the Virgelle sandstone 
to the base of the Cambrian is about 5,600 feet. Four of the wells, 
three of which are on the west side of the arch and one on the east 
side, near the contact of the Colorado shale and Virgelle sandstone, 
show that although there is considerable variation in the thickness 
of the individual formations the total thickness of the sediments 
between the top of the Colorado shale and the oil horizon at the con- 
tact of the Ellis and Madison is fairly uniform, ranging from 2,410 
to 2,545 feet with an average of 2,488 feet. Apparently the thickness 
is less on the northwest side of the arch than it is on the south and 
east sides. In the logs of these wells the exact position of the base 
of the Virgelle sandstone can not always be determined, but if several 
beds are reported as sandy shale the base of the lowest 18 taken for that 
horizon. The position of the Madison contact is believed to be 
definitely known in the three wells west of the arch, but in the Beck 
well, east of the arch, it may not have been reached. 

In the wells that produce oil in the oil field and the wells drilled 
for oil on the south side of the Kevin-Sunburst dome drilling began 
somewhere in the Colorado shale. The logs of these wells report 
shale with little if any sand in the upper part of the Colorado. Dif- 
ferent drillers use slightly different terms in describing the shale, but 
that seen on the surface is generally gray, varying somewhat from 
light to dark. In the Blackleaf sandy member there are some sandy 
layers of shale and some beds of sand or even conglomerate. The 
sediments vary more in color than those higher in the Colorado, and 
beds of bentonite are more frequently encountered. A few of the 
logs show brown, reddish, or pinkish beds of shale in the Blackleaf 
sandy member, and samples of shale from this member are likely to 
give a reddish streak when scratched across a rough white surface. 

'The Kootenai formation is not readily distinguishable in the well 
logs from the Blackleaf sandy member of the Colorado, though sand 
is more common in it. A distinctly red or maroon bed from 3 or 4 
to 50 feet or more thick is reported from some of the wells. The 
average position of the highest red bed is 350 feet above the base of 
the Kootenai, but it is reported at intervals ranging from 150 to 450 
feet. This bed where present and recognized is the first important 
horizon marker shown by the well logs. The second important 
horizon marker is a bed of yellow shale or sandy shale from a few to 
40 or 50 feet thick mapped as the top of the Ellis formation, which 
is reported in some of the well logs. 16 probably belongs to the Ellis 
formation, but without fossil determinations its exact position can 
not be known. The Sunburst sand lies above this marker and is 
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highly variable in thickness. The base of the Ellis formation is so 
well marked by the change from shaly to massive light-colored lime- 
stone as to be recognized in most of the well logs that have penetrated 
it. In some of the wells, however, where the Ellis is more calcareous 
and where there is no basal “sand” in the Ellis the exact place of 
this horizon can not be determined. The logs of 15 wells scattered 
over the field are shown graphically in Plate 17. These logs show 
the variations in the altitude of the surface due to erosion and glaci- 
ation and in the altitude of the principal oil horizon at the base of 
the Ellis formation due mainly to the folding of the strata but also 
to the unequal erosion of the surface of the Madison limestone. 
The top of the Ellis formation, with the Sunburst sand above and the 
yellow shale below, and the top of the Kootenai formation, marked 
by the red beds, are shown wherever noted. The top of the Blackleaf 
sandy member of the Colorado is usually not noted by the drillers, 
but its position and that of the highest sandstone or sandy shale 
noted by the drillers are indicated. The horizons in the logs where 
oil or gas were noted and the logs in which the top of the Ellis forma- 
tion is marked by a yellow bed and the top of the Kootenai formation 
by a red bed are indicated by the respective initial letters O, G, Y, 
and R. 

The log of the California well in T. 26 N., R. 5 W., shown graphically 
in Figure 2, indicates either that the Ellis formation is abnormally 
thick or that there is a depression in the top of the Madison limestone 
containing some basal remnant of the Quadrant formation below 
the unconformity. 

The lower part of the log of the California Co.’s well near Agawam, 
in sec. 25, Т. 26 N., R. 5 W. (fig. 2), shows the Paleozoic formations 


of the field, 


STRUCTURE CONTOURS SHOWING GENERAL CONFIGURATION 
OF THE ARCH 


Plate 15 portrays the configuration of the Sweetgrass arch by 
means of structure contours drawn on the top of the Madison lime- 
stone, which lies at or just below the principal oil horizon of the 
Kevin-Sunburst field. Except in T. 35 N., К. 2 W., and parts of 
surrounding townships, these contours, though believed to be approxi- 
mately in their correct position, are somewhat generalized, as will 
be seen by the lack of small irregularities such as are present in 
T. 35 N., R. 2 W., where drilling is more complete and where more 
details are therefore available. The contours are shown by broken 
lines, for the altitude of the basal “запа” of the Ellis formation or 
top of the Madison limestone is known at comparatively few locali- 
ties. It can be determined approximately by subtracting about 
2,500 feet from the altitude of the base of the Virgelle sandstone and 
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at а few scattered wells by subtracting the depth of the Madison 
from the surface altitude. 


REGIONAL STRUCTURAL FEATURES OF THE ARCH 


Teton Ridge anticline.—The Teton Ridge anticline extends from 
Vaughn to a point northwest of Bynum, a distance of about 50 miles, 
and is probably as well marked a structural feature as the Kevin- 
Sunburst dome. It is a plunging anticline from the Little Belt 
Mountains and has been drilled on the assumption that there may be 
local domes along its crest. 

Conrad saddle——The Conrad syncline, which extends from east to 
west across the arch between the Kevin-Sunburst dome and the Teton 
Ridge anticline, is a structural feature that has not been emphasized 
in previous publications. It is regarded as a low saddle, on evidence 
consisting of the westward projection of the east outcrop of the Vir- 
gelle sandstone in The Knees, between the Teton and Marias Rivers; 
the altitude of the Madison limestone in the Dry Fork, Fowler, and 
Ute-Mo-Denzer deep wells, not far north of Conrad; and the fact 
that the Blackleaf sandy member of the Colorado shale is not exposed 
in the deep trench of the Marias River between Fowler and Beatrice. 

Sweetgrass Hills—The Sweetgrass Hills represent three or more 
domes with either very steeply dipping or faulted sides. They were 
formed by the intrusion of large masses of igneous rocks with which 
are associated smaller masses injected in the form of dikes and sills 
into the surrounding sedimentary rocks. The structure contours 
sketched in and around these hills are probably farther from a true 
representation of the details of the structure than those in any other 
part of the map, but the formations in the surrounding region are 
known to be at about the altitudes given, and the height to which they 
rise in the hills has been determined with approximate accuracy. 

Willow Creek and Crown Butte domes —Two domes which lie ad- 
jacent to the southwest edge of the Sweetgrass arch were visited in 
the summer of 1923. They cover small areas of more pronounced 
folding. The Crown Butte dome, in the southern part of T. 20 N., 
Rs. 2 and 3 W., is apparently associated with a large intrusive mass, 
most of which lies south of the dome. Its crest is capped by a thick 
sill of igneous rock intruded just above the Virgelle sandstone, and a 
dike of similar rock extends southward toward Birdstail Butte. The 
Willow Creek dome or anticline, first described by Eugene Stebinger, 
is a low fold in T. 24 N., Rs. 6 and 7 W., on the west flank of the 
Sweetgrass arch which trends northwestward and is about 6 miles 
long. The Two Medicine is the oldest formation exposed in this 
fold, and the depth of the Virgelle sandstone is estimated at 2,000 
feet, This and several other folds of similar nature found north and 
south of it on the west side of the Sweetgrass arch are not easily 
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recognized or mapped because of the lenticular character of the beds 
forming the Two Medicine formation. Such folds have not yet 
been found to be oil bearing in this region. 

Kevin-Sunburst dome.—' The Kevin-Sunburst dome, near Shelby, 
is a nearly circular uplift covering about 16 townships, the apex of 
which is only 700 feet above the marginal points, 12 miles away. 
The dips away from its summit are in few places as much as 1°. 
Its regularity and its outline suggest that it may be the surface ex- 
pression of a large deep-seated laccolith, but of this there is no other 
evidence. The wells in the Kevin-Sunburst dome show a low increase 
in temperature with depth, approximately 1? F. to 100 feet, as com- 
pared with those in other oil fields, in some of which it is as high as 
1? to 30 feet.” 

SUBSURFACE STRUCTURAL FEATURES 


Structure map of the Kevin-Sunburst dome.—On the structure map 
of the Kevin-Sunburst dome (pl. 16) the contours are drawn with a 
50-foot interval to show the varying altitude of the top of the Madi- 
son and the base of the Ellis formation. In the proved oil field, 
where many wells have penetrated to the base of the Ellis formation 
and the altitudes are therefore known in some detail, the contours 
are shown by solid lines; in other parts of the area they are more 
generalized and are shown by broken lines. 

Possible minor structural features on the dome.—The structure map 
based on the logs of the wells shows some minor irregularities such 
as local steepening of dips and a few local depressions and domes. 
These may be merely the result of variations in the oil sand due to 
unequal porosity, unequal weathering and erosion of the top of the 
Madison, or they may represent errors in the logs. They may, 
however, be the result of small folds or faults in the Madison lime- 
stone. The irregularities all represent departures of less than 100 
feet from the normal folding of the beds, and without more thorough 
drilling at close interyals and reliable logs their nature can not be 
determined. Тһе presence of vertical fissures in the limestone sug- 
gests faulting, which, if it could be demonstrated, would go far to- 
ward proving that the source of the oil is in the underlying rocks. 

The imperfect logs of two wells in sec. 34, T. 35 N., R. 1 E., present 
one of these irregularities. In these wells the depth of the Madison 
is believed to be about 1,500 feet, from the occurrence of sulphur 
water at that depth, but drilling continued to & depth of about 1,700 
feet, and in one of the wells a showing of oil is reported at 1,607 feet, 
The oil may be a local accumulation in the Madison, but on the 
other hand the Madison limestone may be faulted or folded down- 
ward at that place. A somewhat similar discrepancy is noted in 
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the well logs in the neighborhood of sec. 18, T. 34 N., R. 1 W., and 
sec. 18, T. 34 N., R. 2 W. The Ohio Oil Co.’s Johnson No. 1 well, 
completed in July, 1926, in sec. 18, T. 34 N., R. 1 W., found a small 
quantity of oil in the- Madison limestone 17 feet below the base of 
the Ellis. In the O'Neil-Lashbaugh No. 5 well, in sec. 27, T. 35 N., 
R. 2 W., a flow of 3,000 barrels of oil a day is believed to have been 
Struck about 80 feet below the Ellis-Madison contact. 


OIL AND GAS IN THE KEVIN-SUNBURST FIELD 
DISCOVERY OF THE FIELD 


The first attempt to develop oil in the Kevin-Sunburst dome was 
made on the James Miller ranch, in sec. 25, T. 34 N., R. 4 W., in 
1912. Mr. Miller in drilling a water well obtained a small amount 
of high-grade oil from the Colorado shale and using this as a sample 
induced a drilling company to make a test. The well reached a depth 
of 1,755 feet and stopped in the Ellis formation some distance above 
its base. There was some excitement over this test, and placer 
locations were made on many of the surrounding sections under the 
old law, to hold the land for drilling. Plate 14, А, shows four of the 
so-called discovery pits surrounding a section corner not far from the 
site of the Miller well. 

In 1921 Gordon Campbell and associates started drilling a well 
northwest of Kevin, in sec. 16, T. 35 N., R. 3 W., and in March, 1922, 
they announced the first discovery of oil in paying quantities, but 
the well was not tested with a pump until the later part of May. 
They had obtained gas from a higher sand and were using it to heat 
the office and other buildings around the well and had probably 
found traces of oil in the Sunburst sand. After the test Mr. Campbell 
decided to drill deeper in search of a better sand but in doing so struck 
sulphur water and lost the well. 'The attention of many oil men 
was attracted to the Sweetgrass arch by these activities, and in the 
Spring of 1922 the Sunburst Oil Co. and the Troy-Sweetgrass Co. 
Started operations. 'The Sunburst Oil Co. struck oil in the Sunburst 
sand, which is about 200 feet above the basal “sand” of the Ellis 
formation, and brought in a successful well in sec. 3, T. 16 N., R. 
36 W., early in June, 1922. The Troy-Sweetgrass Co., working with 
a diamond drill in sec. 21, Т. 34 N., В. 1 W., reached the Madison 
limestone at about the same time, and, though unsuccessful in striking 
oil in commercial quantities, the well, which has since been drilled 
through the Devonian, has furnished a reliable record of the forma- 
tions underlying the field. Two other wells drilled in 1922 with core- 
cutting machinery—the Big West well, in sec. 6, T. 34 N., R. 1 W., 
and the Three-in-One well, in sec. 8, T. 35 N., R. 1 W.—have contrib- 
uted detailed information regarding the Colorado and Kootenai 
formations of the field. 
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About 1,000 wells had been drilled on the Kevin-Sunburst dome 
prior to January 1, 1927. ОП had been produced from wells within 
an area of about 75 square miles in T. 36 N., R. 2 W.; Т. 35 N., Rs. 1, 
2, and 3 W.; and T. 34 N., Rs. 1 and 2 W., on the north side of the 
Kevin-Sunburst dome; but on the south side only gas had been found 
in commercial quantities. Most of the wells are in T. 35 N., R. 2 W., 
but secs. 29 to 32, T. 35 N., R. 1 W., and sec. 4, T. 34 N., R. 2 W. 
are probably the most productive areas discovered. 

The so-called basal *sand" of the Ellis at the unconformable con- 
tact of the Jurassic Ellis formation and the Carboniferous Madison 
formation yields most of the oil and a small part of the gas produced 
in the Kevin-Sunburst field, stray “sands” above the basal “sand” 
of the Ellis and the upper 80 feet of the Madison are productive in 
some of the wells, and the Sunburst sand in the Kootenai formation, 
200 to 300 feet above the basal “sand ” of the Ellis, yields a small part 
of the oil and most of the gas. Stray sands in the Kootenai and 
Colorado formations have also yielded part of the gas. 

T. 87 N., Rs. 1-8 W., and T. 86 N., R. 1 W.—T.37 N., В. 1 W., has 
been tested by only one well, in sec. 31. Fresh water was found at a 
depth of 1,945 feet, and sulphur water was struck in the basal “sand” 
of the Ellis at 2,186 feet. 

No well has been drilled deep enough to test the basal “зала” of 
the Ellis formation in T. 37 N., R. 2 W. 

T. 37 N., К, 3 W., has been tested by two wells, in secs. 28 and 29, 
which struck sulphur water, probably in the basal “запа” of the Ellis 
formation, at a depth of about 2,600 feet. A show of gas is reported 
from the Sunburst sand in one of these wells. 

The only test well in T. 36 N., R. 1 W., is in sec. 31, where water 
was struck in the basal “sand” of the Ellis formation at a depth of 
1,840 feet. A showing of gas was reported in the Blackleaf sandy 
member of the Colorado shale. 

T. 86 N., В. 2 W.—The northern limit of the productive oil field 
on January 1, 1926, was somewhat less than 2 miles north of the south 
line of T. 36 N., R. 2 W., for wells in secs. 26, 27, and 29 had yielded 
small quantities of oil. Тһе well in sec. 29 reported only 2 barrels a 
day from the basal “sand” of the Ellis and is abandoned, that in 
sec. 27 found a showing of oil in the Sunburst sand, and for that in 
sec. 26 an initial production of 12 barrels a day from the basal “запа?” 
of the Ellis is reported. In sec. 31 shows of oil are reported from both 
the Sunburst sand and the basal “sand” of the Ellis. Of the 16 wells 
drilled in secs. 33, 34, and 35, 13 report an initial production from the 
Sunburst sand of 5 to 155 barrels a day; four wells report oil from 
both the Sunburst sand and the basal ‘‘sand” of the Ellis; three 
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wells report the Sunburst dry and the Ellis productive, one well 
was a dry hole; and one reported 2,000,000 feet of gas a day from a 
sand above the Sunburst. Four of these wells have been abandoned. 

The discovery well of the Sunburst Co., in the SE. 14 SE. м SW. м 
sec. 34, Ohio-Sunburst-Davey No. 1, which had an initial daily ргодис- 
tion of 150 barrels, was still being pumped when the field was revisited 
in 1925. 

Т. 36 N., В. 8 W.—Three wells had been drilled in T. 36 N., В. 
3 W., prior to January 1, 1926, one of which, in sec. 21, had an initial 
daily production of 2 to 3 barrels in the Sunburst sand and has been 
&bandoned. 

T. 35 N., R. 1 W.—About 10 sections in the southwestern part of 
T. 35 N., R. 1 W., were within the producing oil field as defined on 
January 1, 1926. The easternmost point at which production was 
noted is in the SW. 14 sec. 16, where there are two wells in the Sunburst 
sand. "Three wells drilled in sec. 17, one in sec. 18, and one in sec. 7 
report only showings of oil either in the Sunburst sand or the basal 
"sand" of the Ellis formation. The Frazier well in sec. 17 has been 
drilled through the Devonian and reports showings of oil and gas from 
that formation also. Southward from sec. 16 the outside boundary 
of the productive field runs southeastward to a well of small initial 
production in sec. 11, T. 34 N., К. 1 W. Thirteen wells drilled in the 
unproductive portion of the township report either showings or dry 
holes. 

Of 10 wells drilled in secs. 19, 20, and 21 prior to January, 1926, 
four report production from the basal *sand" of the Ellis, one reports 
500,000 cubic feet of gas a day from the Sunburst sand, and six report 
either showings of oil from the basal *sand" of the Ellis or dry holes. 

In the southern and western part of sec. 29, 45 wells had been drilled 
by January 1, 1926, 44 of which reported an initial production of 8 
to 145 barrels a day from the basal “sand” and stray higher sands 
of the Ellis and 3 reported from 1,000,000 to 4,000,000 cubic feet of 
gas a day from the Sunburst sand. 

In sec. 30, 48 wells were listed January 1, 1926, 36 of which are pro- 
ductive, yielding from 10 to 3,000 barrels daily initial production from 
the basal "sand" and higher stray sands of the Ellis formation; 5 
of these wells yielded from 1,000,000 to 3,000,000 cubie feet of gas 
daily from the Sunburst sand; 7 wells were either dry or reported 
only showings of oil. 

Forty wells in the NE. 14 sec. 31 had an initial production of 15 to 
2,000 barrels a day. In this section only one dry hole is reported, and 
two wells report 1,000,000 and 3,000,000 cubic feet of gas. 

In sec. 32, 28 wells were listed as having an initial production of 5 
to 600 barrels a day from the basal “sand” and higher sands of the 
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Most of the wells drilled are in the west 


Ellis on January 1, 1926. 
half of the section. 

These four sections—29, 30, 31, and 32—include the most produc- 
tive part of the oil field yet discovered. The first oil in many of the 
wells is struck in “sands” above the base of the Ellis formation, and 
the drilling in some of these wells has been stopped there. Other 
wells have continued through barren strata, usually limestone, not 
readily distinguished from the Madison limestone and have struck 
oil at one or more underlying horizons before the Madison limestone 
was reached. As water is usually encountered in the basal "sand" 
of the Ellis or in the Madison it is probably good policy to stop drill- 
ing when a producing sand is reached and to resume the drilling only 
after the produetion of the upper sands has commenced to decline. 
Probably the well of largest production in the whole field prior to 
January 1, 1926, is the Rice-Stannard No. 1, in the SE. М SE. М 
SW. 14 sec. 30. This well was begun at an altitude of 3,517 feet. 
It struck the first showing of oil in the Sunburst sand between 1,190 
and 1,217 feet and the first commercial quantity in & stray sand at 
1,255 feet. At a depth of 1,276 feet the well commenced to flow, 
making about 500 barrels of oil in 24 hours. In one month the produc- 
tion declined to about 60 barrels a day, and drilling was resumed; 
more oil was found at a depth of about 1,286 feet, but the well did not 
flow again until it had reached a depth of 1,442 feet, where it began 
flowing at a rate estimated at 3,000 barrels a day. 

In secs. 33 and 34 three wells giving shows of oil in the basal “sand” 
of the Ellis formation have been drilled. 

Т. 35 N., R. 2 W.—In T. 35 N., В. 2 W., secs. 6 and 7 have not been 
tested; in sec. 29 only one well, a dry hole, has been drilled; and in 
secs. 1 and 32 gas but no commercial oil had been found on January 
1, 1926. In these five sections only five wells have been drilled. 
Some 350 wells are scattered over the remaining 31 square miles of the 
township, and a few more than half of them are rated as productive, 
the output ranging from 10 to 3,000 barrels a day when first tested. 

The productive areas in which wells produced over 1,000 barrels a 
day initially are in secs. 4 and 9, where three large wells drilled in 1923 
produced over 500,000 barrels of oil in 1923 and 1924; and in the 
SW. 14 sec. 33, the SE. М sec. 27, and the Е. У; sec. 36, where 11 
such wells were brought in during 1925 and 1926. 

Most of the wells scattered between these two areas of high initial 
production are rated as producing initially from 10 to 500 barrels a 
day. Much undrilled territory remains in the township, on parts of 
which large producers may be located before the field is exhausted. 
In the two western tiers of sections only about one-third of the wells 
are reported as having an initial production of 10 to 275 barrels a day, 
and northeast of a line drawn from the northwest corner of sec. 4 to 
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the southwest corner of sec. 13 about one-half the wells have a small 
initial production, the largest being only 130 barrels. 

Tn the northern area of large initial production all the oil comes from 
the basal “sand” of the Ellis but in the southern area stray “sands” 
of the Ellis above the basal *sand" produce a commercial quantity 
of the oil. In secs. 3, 4, 5, 8, 22, and 23 some of the wells produce oil 
from the Sunburst sand. 

About one-tenth of the wells scattered over the township produce 
over 1,000,000 cubic feet of gas per well daily from the Sunburst 
sand. 

T. 35 N., В. 3 W.—Although the first discovery of oil in the Kevin- 
Sunburst dome was made in T. 35 N., R. 3 W., in 1922, only 43 wells 
had been drilled within this township up to January 1, 1926. Of 
these wells 23 reported either oil or gas in commercial quantities. 
The position of the producing wells indicates that the productive 
territory lies southeast of a line drawn from the northeast corner of 
sec. 13 to the eastern part of sec. 9 and thence southwestward to the 
south line of sec. 31, including 17 or 18 square miles. No wells of 
large production have been found, and a comparatively small quan- 
tity of oil has been produced. Most of the oil is found near the con- 
tact of the Madison and the Ellis formations, though a considerable 
quantity comes from the Sunburst sand. Probably seven or eight 
wells have produced over 1,000,000 cubic feet of gas a day each and 
can be rated as gas wells. 'The large flows of gas come from the 
Sunburst sand. The Campbell discovery well, in sec. 16, struck oil 
in the basal “sand” of the Ellis formation at a depth of 1,770 feet 
in March, 1922, and, after standing idle for about three months, was 
tested and yielded about 100 barrels; subsequent pumping showed a 
production between 5 and 10 barrels a day. This well has been 
abandoned. The Majestic Oil & Gas Co.’s Davis No. 1 well in sec. 
27, brought in on January 6, 1928, with an initial production of 800 
barrels daily from the Madison limestone, a short distance below the 
Ellis-Madison contact, is probably the best well in the township. 

T. 34 N., R. 1 W.—About 20 wells had been drilled to the basal 
“sand” of the Ellis in T. 34 N., К. 1 W., by July 1, 1926. Four of 
these wells, in secs. 5, 7, 11, and 17, which are reported as small pro- 
ducers, made it seem probable that some oil, and possibly some good 
wells, might be found in about one-third of the township. 

Early in 1928 the number of wells drilled had increased to about 
75, most of which were located in about five sections in the north- 
western part. About one-tenth of the wells produced both oil and 
gas, three-tenths are oil wells, two-tenths gas wells, and four-tenths 
dry holes, Two of the wells in sec. 7 had an initial production of 
more than 1,000 barrels. One well in sec. 9 was first reported as a 
gas well, but it was drilled for a short distance into the Madison lime- 
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stone and struck a large flow of water, which later changed to oil, It is 
one of the most spectacular and productive wells of the Kevin- 
Sunburst field. A well in sec. 34 is reported to have had an initial 
production of 15,000,000 cubic feet of gas a day. 

T. 34 N., В. 2 W—The southern limit of oil production of the 
Kevin-Sunburst oil field on January, 1926, is marked by two small 
wells in the SE. 14 sec. 13 and the NW. 14 sec. 17, T. 34 N, К. 2 W. 
In sec. 4 and the E. 14 sec. 5 there is an area of large production which 
was developed in 1924 and yielded about half the oil produced in the 
whole field during that year. Developments in 1925 show that this 
area extends northward into sec. 33, T. 35 N., R. 2 W. Several of 
the wells yielded from 1,000 to 8,000 barrels a day when first tested. 
In one of these wells a small production was found in the Sunburst 
sand, and in several wells stray oil sands in the Ellis were found, but 
most of the oil came from the basal “sand” of the Ellis. The wells 
appear to be shorter lived than those in secs. 4 and 9, T. 35 N., R. 2 W., 
but this may be due to the fact that they have not been handled in 
the same way. About 67 wells had been drilled in secs. 4 and 5 by 
January 1, 1926. 

In secs. 1, 2, and 3, more than half the wells are dry holes, and west 
of sec. 5 no well has been successful in finding oil. In secs. 8, 9, 
and 17 only small quantities of oil have been found, and most of the 
wells are either dry holes or have yielded only.showings of oil in the 
basal “sand” of the Ellis formation. Two wells yielding small 
quantities of oil were drilled late in 1922, in the NW. 14 and ЗЕ, 14 sec. 
13, but at present these wells are abandoned. In the two northern 
tiers of sections of the township large flows of gas from the Sunburst 
sand have been found in about one-tenth of the wells. 

T. 34 N., Rs. 8 and 4 W.—In T. 34 N., R. 3 W., four wells had been 
drilled prior to January 1, 1926, from one of which in sec. 25 a showing 
of oil in the basal “sand” of the Ellis is reported. In Т. 34 N. К. 4 
W., 2 wells had been drilled, one of which is the Miller well, completed 
in 1912 and yielding gas in the Blackleaf member of the Colorado 
shale and in the Kootenai formation. 

Tps. 32 and 83 N., Rs. 1 and 2 W.—On the south half of the dome 
there is evidently a field which will yield gas from the Sunburst and 
perhaps other sands. Three wells drilled prior to 1927 in T. 33 N., 
R. 1 W., yielded from 1,500,000 to 10,000,000 cubic feet of gas daily 
from the Sunburst sand; another well is a dry hole. 

In T. 33 N., В. 2 W., three wells yield from 2,000,000 to 14,500,000 
cubic feet of gas daily from the Sunburst sand or the basal “sand” of 
the Ellis, and one other well is a dry hole. 

Two wells in sec. 6, T. 32 N., R. 1 W., yielded 4,000,000 and 
7,500,000 cubic feet of gas daily, probably from the Sunburst sand, 
but & well in sec. 1 of the same township is a dry hole. The two 
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gas wells are equipped with a pipe line and supply domestic fuel to 
the town of Shelby. 

A well in sec. 13, Т. 32 N., R. 2 W., is reported as capable of yielding 
10,000,000 cubic feet of gas daily from the Sunburst sand. This 
well, which had not reached the Madison in January, 1927, is said 
to have found between 50 and 150 feet of heavy black oil in a stray 
sand in the Ellis. It is the first well south of the dome to yield more 
than a trace of oil. 

SHOOTING THE WELLS 


Many of the wells when first drilled to the productive horizon yield 
very small quantities of oil, and the absence of water indicates that the 
rocks are not porous enough to allow the oil to flow. Under such 
conditions the practice is 
to “shoot " the well to 
open fissures through 
which the oil may move, 
using from 5 to 100 
quarts of nitroglycerine. 
Possibly a third of the 
wells have been treated 
in this way, and the re- 
sults commonly show 
enough improvement in 
the yield to justify the 
expense. 

WELL MAP 


The location and char- 
acter of the wells drilled 
in the part of the dome 
in which commercial oil 
or gas has been produced 
are shown on Plate 16, and the following table furnishes a key to the 
map by giving descriptions of the location with regard to land lines, 
name of operator and lessee, date of completion, depth of well, depth to 
basal “sand” of the Ellis, base of the Sunburst sand, and top of the 
Kootenai formation, and altitude of the surface and of the basal 
“sand” of the Ellis. Тһе table has been made by rearranging the 
information given in the bulletins of the Northern Oil Information 
Bureau, published weekly by Fred С. Platt at Shelby, Mont., and 
for ready reference the numbers of the wells used in those bulletins 
are also given, As a general rule nine wells 400 feet apart are drilled 
on each 40-acre tract, or one well to each 4.44 acres. The arrange- 
ment of the wells within a section is shown in Figure 3. In a few 
tracts additional wells have been drilled. 


o 


FIGURE 8.—4rrangement of wells in a section and letters used in 
table to indicate their location, Kevin-Sunburst field, Montana 
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PRODUCTION OF OIL 


By January 1, 1926, the total gross pipe-line runs for the Kevin- 
Sunburst field, as given by the Illinois Pipe Line Co., amounted to 
4,133,518 barrels. This is somewhat less than the total production of 
thefield, forit doesnot take into consideration the oil handled by several 
smaller pipe lines and refineries and the oil consumed at the wells. 
'The wells listed as producers number 444, which makes an average 
production of about 9,310 barrels to the well. If half the oil recover- 
able by present methods has been taken from the wells and if, as 
seems doubtful, the other half still left in the ground is to be pumped 
out in the next several years, the average total production for these 
wells would be about 18,000 barrels. As the total number of dry 
holes and producers on January 1, 1926, was 750, the average pro- 
duction per well for the field would be about 11,000 barrels. Wells 
drilled and equipped in the Kévin-Sunburst dome cost on an average 
& little less than $10,000 each, and the posted price of oil January 1, 
1926, was $1.15 a barrel. What the future production of the Kevin- 
Sunburst dome may be can not be predicted, but to the writer it 
seems certain that within the next 10 years the field will be rather 
thoroughly drilled, especially if in that time the price of crude oil 
should rise to as much as double the present price. 

'The flowing wells of large initial production, yielding 1,000 barrels 
or more daily, commonly decline to about one-third of the initial 
production by the end of the first month and to about one-tenth of it 
by the end of the first year, after which the decline is more gradual, 
and the well may be pumped for several years before the production 
becomes too small to justify pumping. The wells of smaller produc- 
tion from the basal “sand” of the Ellis formation must be pumped 
from the start, and their decline curves are somewhat like those of 
the large wells after the flush production has been exhausted. The 
decline of the wells producing from the Sunburst sand is usually not 
so rapid as that of wells producing from the base of the Ellis. 

The flush production of a well depends largely upon the gas pressure, 
and if this is released too suddenly the well will decline very rapidly. 
If the production is pinched down to about one-fourth of the normal, 
the decline curve will be greatly modified, and probably a much larger 
amount of oil may be produced before pumping is necessary. An 
estimate by R. D. Ferguson, of the Geological Survey’s engineering 
staff, who was stationed at Shelby during the summer of 1925, puts 
the economic life of an average oil well in the Kevin-Sunburst field 
at 8 to 10 years. 

Figure 4 shows the composite decline curves of three leases for 
which the production records are believed to be sufficiently accurate 
and complete to show the rate of decline with fair precision. In this 
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figure the space allotted for the number of barrels decreases progres- 
sively from the bottom to the top of the column, so that the space 
occupied by the first 1,000 barrels is equal to that occupied by 10,000 
barrels higher in the column. A shows the production curve on 


50,000 


40,000 


30,000 


20,000 


BARRELS 


10,000 
پال 9,000 
8,000 
7,000 
6,000 


IN 


5,000 


4,000 


3,000 


2,000 


MONTHLY PRODUCTION 


1,000 


| ys 
9 ERAN | 
MONTH-1 2 34567 8901 21 2 3 4567 8901 21 2 


First year Second year Thiro 
year 


FIGURE 4,—Decline in production of three leases "in the Kevin-Sunburst ой field, 
Montana 


seven wells of one of the most productive leases of the oil field; 
B shows the decline curve of two average wells producing from the 
basal “sand” of the Ellis formation; and C gives the curve on a lease 
for two average wells drilled to the Sunburst sand. 
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PROBABLE RESULTS OF FUTURE DRILLING 


Owing to the extremely variable nature of the oil “sands” of the 
Kevin-Sunburst field, it is probably impossible to estimate from the 
thickness of the oil sand the quantity of oil held in the ground. The 
estimates here given may prove to be much too small, but they are 
presented to afford a conservative guide to the probable total yield 
of the field. They were made by considering the production of the 
several townships and assuming that future production will be like 
that shown by the wells already drilied. 

Developments indicate that about seven sections in T. 36 N., R. 2 
W., will produce some oil. In these sections 21 wells had been drilled 
prior to January 1, 1926, 15 of which had been productive, yielding 
about, 172,000 barrels of oil, or about, 11,000 barrels to the well. The 
seven sections would, if fully drilled according to the spacing of the 
wells now prevailing in the field, accommodate 1,008 wells, about 
one-half of which could be expected to be productive, yielding an 
estimated average of at least 5,000 barrels, or a minimum total of 
2,000,000 barrels. 

Parts of about ten sections in T. 35 N., R. 1 W., have been found 
productive. Four of these sections have been very actively drilled 
on account of the large production obtained in them. About 170 
wells in these four sections had produced over 1,200,000 barrels of oil 
on January 1, 1926, or about 7,000 barrels each, and it seems probable 
that if all the available locations in these sections were drilled the 
wells would average at least 7,000 barrels, or a total of 4,000,000 
barrels or more. Half of the wells on the remaining six sections will 
probably produce a minimum average of 5,000 barrels, or a total of 
2,000,000 barrels. The township can thus be expected to produce 
at least 6,000,000 barrels of oil. 

Development has extended over pretty nearly the whole of Т. 35 
М. R.2 W. On January 1, 1926, 310 wells had been drilled in the 
township, of whieh about 200 were rated as producers. 'The pro- 
duction to that date was nearly 2,000,000 barrels, or 10,000 barrels to 
the well. 'The present spacing of the wells allows 5,184 to the town- 
ship. И half of these wells were dry and the other half were to make 
an average of only 5,000 barrels each, the township could be expected 
to produce at least, 13,000,000 barrels of oil. 

'The productive part of T. 35 N., R. 3 W., consisting of about 20 
gections, had been tested by only 34 wells on January 1, 1926, à little 
more than half of which are listed as productive, but no large wells 
are included. Probably not more than one-fourth of the 2,880 loca- 
tions in this area will yield as much as 5,000 barrels of oil to the well. 
This would make a total of about 3,600,000 barrels, and the total 
produetion may actually prove to be less than that amount. 
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By the first of May, 1928, T. 34 N., R. 1 W., had been tested by 
about 75 wells, most of which were in the northwestern part. About 
four-tenths of these wells are rated as oil wells, including four which 
had an initial daily production of more than 1,000 barrels. The total 
production of the township will probably be at least 2,000,000 barrels. 

T. 34 N., R. 2 W., includes an area of large initial production in 
secs. 4 and 5, which on January 1, 1926, had yielded a little over 
1,000,000 barrels. Outside of these two sections the area of possible 
production comprises about ten sections, or 1,440 well locations, not 
more than one-fourth of which is expected to yield as much as 5,000 
barrels to the well. The production of this township will probably 
be at least 3,000,000 barrels. 

From the foregoing figures it seems evident that the field may 
safely be expected to produce a total of 25,000,000 to 30,000,000 
barrels of oil. Should more areas of large initial production be struck, 
should deeper productive beds be found, or should the limits of the 
field as now known be enlarged the estimate given above may prove 
to be much too low. An inspection of the map showing the distribu- 
tion of the wells indicates that other areas of large initial production 
may be found and that the drilling of wells outside of the limit given 
in this paper for the producing field on January 1, 1926, may possibly 
be successful. 

An estimate based on the number of wells that had been drilled 
prior to January 1, 1926 (about 750), the quantity of oil obtained 
(4,133,518 barrels), and the assumption that the oil produced is one- 
half of the total production to be expected from these wells indicates 
that the wells drilled to that date will produce a rough average of 
11,000 barrels to the well. With oil at the price prevailing on January 
1, 1926, only the areas of high initial production can be worked at a 
profit, the larger low-grade areas being left until higher prices are 
obtainable. 

PRODUCTION OF GAS 


Up to January 1, 1926, oil and not gas had been the objective of 
the explorations, but even so & productive gas field has been found on 
the south side of the dome, and considerable quantities of gas are 
produced along with the oil on the north side. Probably very few 
of the wells drilled to the basal *sand" of the Ellis formation have 
failed to find some gas at one or more horizons. 

In the oil field on the north side of the dome a great deal of the 
gas Is wasted in drilling and extracting the oil, but the larger flows of 
1,000,000 cubic feet or more are generally used for fuel in drilling, 
The largest initial flow of gas reported on the north side of the dome 
is 8,400,000 cubie feet. Тһе towns of Kevin, Sunburst, and Sweet- 
grass, near the oil field, can consume a moderate quantity of gas for 
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domestic use, and west of the oil field the largér and possibly more 
permanent town of Cutbank can be supplied if à pipe about 18 miles 
in length is installed. A well near the town of Kevin, completed in 
January, 1926, was drilled solely for gas. 

On January 1, 1927, gas had been found in 12 wells on the south 
side of the dome, the estimated initial daily produetion of which 
ranged from 1,500,000 to 14,500,000 cubic feet. These large wells 
are in T. 32 N., R.1 W.; T. 33 N., Rs. 1, 2, and 3 W.; and the south 
half of Т. 34 N., К. 1 W.; in these townships only 16 wells had been 
drilled deep enough to reach the basal “sand” of the Ellis formation 
prior to January 1, 1926. Most of the gas has been found at or near 
the horizon of the Sunburst sand, but in two of the wells large flows 
are also reported from the basal “sand” of the Ellis formation. 
Two of the wells completed in 1922 in sec. 6, T. 32 N., R. 1 W., were 
connected with the town of Shelby by a pipe line about 5 miles in 
length early in 1923 and furnish the greater part of the fuel supply of 
the town. 

In 1927, 16 wells were drilled to the Kootenai formation in T. 32 
N., R. 2 W., and T. 33 N., Rs. 1 and 2 W., to develop a gas field for 
Great Falls. These wells included only two dry holes. They 
ranged in initial daily production from 1,750,000 to 19,500,000 cubic 
feet and averaged about 5,000,000 cubic feet. These wells together 
with scattering gas wells north and east of the area have demon- 
strated that the gas supply is ample not only for the towns near at 
hand but also for Great Falls, though they have not fixed the limits 
of the field. A pipe line has been laid to Great Falls, and before 
this report goes to press that city probably will be supplied with 
gas for heating. It is estimated that 10,000,000 feet a day will be 
consumed. 

CHARACTER OF THE OIL 


The crude oil from the basal “sand” of the Ellis formation is 
dark green, almost black, and has a specific gravity of 27.3? to 34? 
Baumé. It has a strong sulphur odor and a sulphur content of 1.35 
to 1.38 per cent. The analyses show that it will yield from 12 to 23 
per cent of gasoline. "That from the Sunburst sand is lighter in color 
and lacks the disagreeable odor of the Ellis oil. Its sulphur per- 
centage is from 0.96 to 1.10, and its gasoline content is from 25 to 28 
per cent. 

Six samples of the Kevin-Sunburst oil collected by the writer in 
1922 and 1923 were submitted to the Bureau of Mines for analyses. 
Three samples represent the oil from the basal “запа” of the Ellis, 
but one of them, No. 00136, taken from the oil tank at the Campbell 
well, is probably not truly representative, for the well stood idle for 
three months before it was pumped and the sample contained a small 
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percentage of water. The other two came from the two large pro- 
ducers—the Ohio Baker No. 3 and the Mid-Northern Howling No. 3, 
each of which had an initial daily production of more than 1,000 
barrels. The other three samples represent the oil from the Sun- 
burst sand. No. 00137 was taken in 1922 from the Ohio Sunburst. 
Davey well No. 1, the second discovery of the field; No. 24153 came 
from a well in which both the Ellis and Sunburst sands are productive, 
&nd it may be a mixture of the oil from the two sands; No. 24152 
represents the Sunburst sand. The results of the analyses follow. 


Analyses of oil from Kevin-Sunburst field, Montana 
No. 00136.— Gordon Campbell well No. 1, **Discovery well,'' sec. 16, T. 35 N., В. 3 W. 


[Oil from basal “sand” of Ellis formation; depth of sand, 1,770 to 1,780 feet, Initial daily production, about; 
20 barrels, Specific gravity at 15° C., 0.891 (27.3° A. P. L, modulus 141,5). Water, 0.7 per cent; carbon 
residue, 9.06 per cent. Distillation in Bureau of Mines Hempel flask: Amount distilled, 200 cubic centi- 
meters; first drop, 128° О.] 


Air distillation, with fraction- 
ating column (barometer, 
760 mmn.) 


Vacuum distillation, without 
column (pressure, 40 пшт,) 


Temperature (° C.) | 


"raetio Fraction | с | 
Fraction | si (per Fraction | sum (per 


(per cent ~ ‚ | Specific | (per eent | ‚ | Specific 
епі by : : cent by | 
by vol- | 600 DY | gravity Ју vol- | ¬ | gravity 
uel volume) ume) volume) 


No. 24154.—Mid-Northern Howling well No. 3, sec. 9, T. 15 N., R. 2 W. 


[Oil from basal “sand” of Ellis formation; depth of sand, 1,050 feet. Initial daily production, 2,000 bar- 
гоі, Specific gravity, 0.871 (31° A. P. L). Sulphur, 1.35 per cent; water, none; carbon residue, 6.9 
per cent. Saybolt Universal viscosity at 70° F., 64 sec,; at 100° F., 50 sec. Pour point, below 5° F. 
Distillation in Bureau of Mines Hempel flask: First drop, 26° С.) 


Gravity 
r об Fraction | Sum (per Буе, Cloud 
l'emperature (? C.) (percent)| cent) Ма УК Viscosity st (FJ) 
Specific | ^" у ^" 
(°) 
"nr — Dd ds | — 
Air distillation; barometer, 748 mm. | 
Unio 50. === " qM 1.1 1,1 | 2 
50 to 75... 5 21 32 | 82.9 ........-- 
75 to 100. А 8, 8 6.5 71.2 
100 to 125... at S 3,9 10.4 63.4 
‚ор: PUT HT AOL CUP ESO PER ЫА 4.1 4.5 56, 2 
OSO a жый. Ets 4.3 8.8 51.1 P" 
iz 1 Se a a TTE T 4.5 . 3 45.4 |. 
editae. ALLIUM T A DKA 4.7 0 41,1 |- 
ЕЕ EE EEE 5.7 „7 37.8 |. 
250 to 275 | 6.1 .8 | SEF INL 
Vacuum distillation; pressure, 40 mm 
| 

Up to 200. 4.9 | . 880 29. 3 43| Below 5. 
200 to 225 ? Боља 1L 0 . 890 27.5 40 | Below 5. 
ер ue <= IRL ДЕ ELT] 17.0 . O09 24.2 68 22 
250 to 275 22.9 019 22. 5 106 42 
275 to 300. 30.9 | 922 22.0 24 60 
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Analyses of oil from Kevin-Sunburst field, Montana—Continued 
No, 24154.—Mid-Northern Howling well No. 3, sec. 9, T. 35 N., R. 2 W.—Continued 


APPROXIMATE SUMMARY 


Gravity 
Per cant |— — =) Viscodity 
Specific = ЗРЕО) 


0. 730 


Gasoline and naphtha............-._.- = 
Kerosene distillate... 

Gas oil 
Nonviscous lubricatin e 
Medium lubricating distillate.............- 
Viscous lubricating distillate___..............-----.-.-.- P* Ж; 


50-100 
100-200 
Above 200, 


No. 24155.—Ohio Baker well No. 3, sec. 4, T. 35 N., R. 2 W. 


format n depth to top of sand, 1,085 feet. Initial daily production, 1,545 
barrels. Specif 2 (30.8° A. P. Т.). cent; water, none; earbon residue, 
7.5 per cent. Saybolt Unive vise 2 at 70° F : ^ F,47sec. Pour point, below 5? Г, 
Distillation in Bureau of Mines Hempel flask: First drop, 25° C.J 


sand" of Ellis 


[Oil from basal “ 
ivit y, 0 


Gravity 
Fraction | Sum (per | — = | 7 — Yiennet Cloud 
stura (°C | | se "| ор 
Temperature (° О.) | (percent)| cen) | _ Fe Viscosity |, = (9 Е.) 
| Брес ће | ~ КО “ 
Air distillation; barometer, 748 mm. 
Up to 50..... An 0.9 
50 to 76 Е 2.2 
75 to 100 3.3 | 
100 to 125. 4.1 | 
125 to 150... | 38 | 
150 to 175. 4.7 
175 to 200. 4.1 
200 to 225. 4.9 | 
225 to 250. T 5,2 | 
ЭШИ ers 7.0 
| 
| | 
Vacuwm distillation; pressure, 40 mm. 
Bic tl) (ease 8. а Ma ЖЛЕ | 2.4 870 41 | Below 5. 
200 to 225. > 7.5 .887 17 | Below 5. 
225 10 250... 5,9 | . 905 66 22 
250 to 275 کن دده‎ wama 7.0 918 104 | M 
275 to 300.-----.------ 7.7 30. £ . 023 198 00 
APPROXIMATE SUMMARY 
=== | - 
| Gravity | 
| Per cent |— = ———“ Viscosity 
Specific | A.P.L(9) 


Gasoline and naphtha. ....--.-------------- ا‎ n 
Kerosene distillate. ........ 
Gas oil...... ‘> 

Nonviscous lubrieating di 
Medium lubricating ОБИ 5 ==. 
Viscous lubricating distillate......--------------.------- 


50-100 
100-200 
Above 200, 
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Analyses of oil from Kevin-Sunburst field, Montana—Continued 
No. 00137.—Ohio Sunburst Davey well Mo. 1, ‘‘discoyery well,’’ sec. 34, T. 36 N., В. 2 W. 


[Oil from Sunburst sand; depth of sand, 1,535 feet. Initial daily production, 175 barrels, Specifle gravity 
at 15? O., 0.544 (36.2? А. P. I., modulus 141 Water, none; carbon residue, 7.2 percent. Distillation 
in Bureau of Mines Hempel flask: Amount distilled, 200 cubie centimeters; first drop, 32? C,; water, 
none] 


Air distillation, with fraction- | V 
ing column (barometer, 
760 шш.) 


neuum distillation, withont 
column (pressure, 40 mm.) 


"Temperature (° C.) е | 


ion | e s; Fraction | ~ 
Sum (per! a iA 5 А 
(рег селі A Specific (per cent hean oe Specific 
by vol- “sted gravity зу yol- “see at gravity 
ume) | Volume) | ime) volume) 


Uto nd ccce ОВИ ses 


50 to 75..... 
75 to 100... 
100 to 125 

125 to 150. .---- 
to 175 
175 to 200 
200 to 225 
225 to 
250 Lo 275 

275 to 300. - - 


No. 21152.— California Oil Co., J. J. Newman well No. 1, sec. 23, T. 35 N., К, 2 W. 


Initial даћу production, 25 barrels. Specific gravity, 
‚ попе; carbon res 6,4 per cent. Saybolt Universal 
Pour point, below 5° F. Distillation in Bureau of Mines 


[Oil from Sunburst sand; depth of sand, 1,2 
ЗА. P.L). Sulphur, 0.96 per ee 


Ра 


Erei Е ыи ; - 


Fraction | Sum (per |— 


елита та ° Ci 
Temperature (° C.) (percent) cent) | 


Viscosity test (° F.) 
Specific 


Air diatillation; barometer, 747 min, 


| 
50 to 75...--- 
75 to 100... ي‎ Е 2 
100 to 125... 4.5 | 
125 to 150... کات‎ ==: E 
150 to 175 
175 to 2 
200 to 2 
225 to 250... sae D rm + 
ОКО ДЕ a ә m Ec 7. 4 


Vacuum distillation; pressure, 40 min 


| 
3 . 86: | £1 8 
| 46 30 
TR n ВЕСЬ 60 50 
250 to 275... ‘| 900 90 70 
276 to 300... S . 907 159 90 

APPROXIMATE SUMMARY 
| Gravity 
Perce. === Viscosity 


Specifle А. P.L (°) 


Gasoline and naphtha — Е 0. 750 
terosene distillate- . - - 813 
Gas oil 1 . 855 
Nonyiscous lul ating distill ete بے‎ rie a | 0, 876- . 901 30. 0-25. 6 50-100 
Medium lubricating distillate..... 2 پا‎ | .901-.910| 25. 6-24, 0 100-200 
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Analyses of oil from Kevin-Sunburst field, Montana—Continued 
No. 24153.—California Oil Со. M. M. Newman well No. 2, sec. 22, T. 35 N., R. 2 W. 


[ОП from basal “sand " of Ellis formation and Sunburst sand; depth of sands, 1,100-1,120 and 1,391-1,400 
feet, Initial daily production, 100 barrels. Specific gravity, 0.854 (34.2? A. P. L). Sulphur, 1.10 per 
cent; water, попе; carbon residue, 6.6 per cent. Saybolt Universal viscosity at 70° F ;ut 100? F., 

$4 sec, Pour point, below 5? Е. Distillation in Bureau of Mines Hempel flask: First drop, 26° C.] 


| Gravity | 
Oloud 
test (° Е.) 


Fraction | Sum (рег | 
(per cent cent) > 
Specific Iu I. 


"vi РАНИ | 
Viscosity 


Temperature (° C.) 


Air distillation: baromeler, 748 mm. 


Up to 50______ = > 
00 10 78. -. .--- 22-25 Se | 
76 to 100. ES 
100 to 125._____ = ro | 
125 to 150. v or 


Vacuum distillation; pressure, 40 mum, 
| 


Up to 200.________ | 1.7 4,7 | . 869 42 Below 5. 
ОКО бы | 11.6 . 877 48 23 
225 to 250... 17,9 . 896 63 44 

50 to 275 23.6 907 95 | 04 
275 to 300. 30.9 913 177 50 


APPROXIMATE SUMMARY 


Gravity 
Per cent |—— ——— [у ty. 
| Specifie | A. P. L (9) 


Ово це 2nd naphihg. Lacs = Ó—...—À—-—L—— 25.8 0. 736 60. 8 239 
Kerosene distillate sa 10.2 ‚817 41.7 

Велась јер idle ас ава Зе de in 2 16.2 „859 2 = 
Nonviscous lubricating distillate - 433 à 12. 1 | 0.870- . 008 | 29. ‚4 50-100 
Medium lubricating distillate. .... _ 9.7| .908 .016 | 24.3-20 100-200 


The pipe lines pay a uniform rate for all the oil of the field regardless 
of its source, but if the higher-grade oil were more abundant a higher 
price would have to be paid for it. The posted price on January 1, 
1926, was $1.15 a barrel, and on March 6, 1928, $1.50 a barrel. The 
oil from the field in general must be freed from sulphur in the refineries 
and on this account is not quite so valuable as that from many other 
fields, Much of the gasoline produced at local refineries in the field 
has contained much of the sulphur and in consequence has had a 
disagreeable odor. 

CHARACTER OF THE GAS 


The gas from the horizons above the Madison limestone is all, so 
far as known, of approximately the same character. An analysis of 
а sample of the gas from the Sunburst sand at a depth of 1,204—1,225 


feet is given below through the courtesy of the Bureau of Mines: 
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Analysis of gas from a well in sec. 34, T. 35 N., R. 2 W. 


[Analyst, Н. S. Kennedy, Bureau of Mines] 


Per cent 
Qua зз у бэ жес д лөр, کک کد‎ orae PETS 1. 91 
Orci NER. ES А کے‎ аач ик riy 
ОПЕКЕ -——————— —— 90. 32 
Ге. ae OEE Е RH. c e 4, 60 
I P e S Reto Ише Е Sc 2. 80 


In one well, a flow of gas of a different character was struck at a 
depth of 3,250 feet in Ordovician or Upper Cambrian dolomitic lime- 
stone. Two samples of this gas were analyzed by Mr. Kennedy, with 
the results given below. 


Analyses of gas from deep test well in sec. 21, T. 84 N., R. 1 W. 


[Analyst, H. 8, Kennedy, Bureau of Mines] 


Dec. 23, Nov.3, | 


1925 1924 
| 

9. 48 | 911.12 

0. 64 2.61 

3. 23 7. 22 

6.45 7.48 

80. 21 71. 57 


2 COc-H:8. 


The high percentage of nitrogen in this gas suggests that it may be 
derived from rocks associated with an igneous intrusion,? probably a 
laccolith situated somewhere below the basal sandstone or quartzite 
of the Cambrian, or more probably that itis a pocket of residual air 
trapped and buried, possibly in beds of nonmarine origin. 


ERRATIC OCCURRENCE OF THE OIL 


Oil in the basal “sand” of the Ellis is very irregularly distributed, 
without any system that can be detected from a study of the surface. 
Many of the large wells in the field, having initial yields above 100 
barrels a day, are offset by wells 440 feet away, that are dry or have 
only а small production. For some of the wells this unfavorable result 
is known to be due to the release of the gas pressure in the first well 
drilled, but generally the wells appear to be wholly independent of 
each other. A group of wells drilled around a section corner may 
include one well yielding a small oil production, offset by three dry 
holes. Very little can be predicted from proximity to a producing 
well as to the probability of success in any particular area, and 
according to the popularly expressed opinion “all the wells are wild- 
cats." 

This uncertainty is probably due, in part at least, to the irregular 
surface of the Madison limestone and the uncertain character of the 


" Clarke, №. W., ‘The data of geochemistry, 5th ed.: U. В. Geol. Survey Bull. 770, pp. 202, 275, 1924, 
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soil or other material making up the basal “sand” of the Ellis at the 
contact of the Ellis and Madison formations. In some places the 
wells may strike buried channels in the limestone which are filled 
with porous material; in other places channels are absent, and the 
Ellis and Madison limestones are almost in contact, or, if they are 
separated, the soil and other material at the contact may not be por- 
ous. An example of a buried channel is probably presented by the 
Big West Steele No. 2 well, in sec. 2, Т. 34 N., R. 1 W., in which a 
large quantity of more or less rounded gravel containing water and 
some oil was found. In the Hardrock Craig No. 2 well, in sec. 13, T. 
34 N., R. 2 E., drilled in 1928, а similar occurrence is reported. In 
places where the Madison limestone was more resistant to erosion or 
was left at a slightly higher level for any cause the basal “запа” of 
the Ellis is likely to be thin, but such places can not be detected from 
the surface, and the graphic well logs given in Plate 17 do not indicate 
any large area of this kind. Such high places are presumably the 
results of unequal erosion on a nearly base-leveled surface. The 
thinness or thickness of the basal *sand" of the Ellis is only one of 
the factors controlling production. If the Ellis formation above the 
basal "sand" is, as it appears to be in the southwestern part of T. 
35 N., R. 1 W., composed of very porous limestone, the high places 
in the Madison limestone may be the most productive. In a few 
wells the basal “sand” of the Ellis is nearly dry, but oil is found in 
the Madison limestone near its top, perhaps in cavernous places. 
Two wells in sec. 18, Т. 34 N., R. 1 W., have a small production from 
& bed within 68 feet of the top of the Madison, and one well in sec. 
17, T. 35 N., R. 2 W., had an initial daily production of 3,000 barrels 
from & bed about 86 feet below the top of the Madison limestone. 


POSSIBLE EFFECT OF FAULTING ON THE DISTRIBUTION OF 
THE OIL 


The distribution of the oil may be due in part to its source and 
method of migration. The small fissures noted in the Troy-Sweet- 
grass well may be parts of fracture zones or even faults which reach 
down into the Devonian formation and through which the oil reported 
in that formation may have collected at the base of the Ellis forma- 
tion. If this could be definitely proved to be the source and method 
of migration of the oil, it would in part account for the unequal dis- 
tribution of the oil, the larger wells being located near the more open 
fissures, the small wells being farther laterally from the fissures, and 
the barren areas representing places far removed from fissures or 
fractures. 

WATERS ASSOCIATED WITH THE OIL 

The waters associated with the oil in the Kevin-Sunburst field are 

believed to have been relatively stationary since the accumulation 
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of the oil, such lack of cireulation being perhaps due to the great 
Lewis thrust fault along the Rocky Mountain front, about 75 miles 
to the west, or to the intermediate belt of highly folded and faulted 
rock, either of which may have sealed the strata of the Sweetgrass 
arch against the invasion of surface water from the west. 

Some waters may have invaded the Kevin-Sunburst field from the 
Little Belt Mountains on the south, & part of this water perhaps 
flowing northwestward along the west side of the Teton Ridge anti- 
cline to the Conrad saddle and then eastward across the arch. Owing 
to the varying porosity of the basal “sand” of the Ellis formation 
it seems hardly possible that even where water flushing was active all 
parts of this “sand” could be swept clear of oil by circulating waters. 
In the writer's opinion, therefore, more or less oil may be irregularly 
distributed over considerable areas of the Sweetgrass arch outside 
of the present Kevin-Sunburst field. 

The waters present in the Kevin-Sunburst field commonly contain 
more or less hydrogen sulphide gas, which gives them a characteristic 
disagreeable “sulphur” odor, and analyses of the water show that 
it is a somewhat modified sea water that was presumably buried 
vith the sedimentary rocks in which it is now found. 

Six analyses of the waters associated with the oil in the Kevin- 
Sunburst dome are given in Plate 18. Four of these samples were 
taken from the basal “sand” of the Ellis formation, one from the 
Sunburst sand, and one from the Colorado shale. The analyses 
show that among the salts contained sodium chloride, or common 
salt, predominates, though the waters from the basal “зап” of the 
Ellis formation are described by the drillers as sulphur water on ac- 
count of the odor. An analysis of water from approximately the 
same horizon as the basal “sand” of the Ellis but in the Bowdoin 
dome is given for comparison with the Kevin-Sunburst analyses. 
The well from which the last-mentioned sample was taken had a 
much larger flow than the Kevin-Sunburst wells, and the water is 
essentially a sulphate water. Sulphate water entering the basal 
“sand” of the Ellis in the Little Rocky Mountains may have partly 
displaced the salt water. 


POSSIBLE SOURCES OF THE OIL 


The oil produced in the Kevin-Sunburst dome is found entrapped 
along the unconformity between the Madison and Ellis formations; 
at various horizons called “stray sands” in the Ellis formation above 
its base, in the Sunburst sand, averaging 238 feet above the base 
of the Ellis; and in the Madison limestone near its top. The oil 
from the base of the Ellis formation has a strong sulphur odor and 
contains about 1.3 per cent of sulphur. As a general rule the oil 
from the higher beds is free from the sulphur odor, has a lower specific 
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gravity, and is of better quality than that from the contact of the 
Madison and Ellis formations. 

Disseminated oil and some showings of gas are found in the upper 
part of the Colorado shale, but owing to the compact, impervious 
nature of the shale and the absence of sands of more open texture, com- 
mercial pools of oil have not been found in the upper part of the Col- 
orado and probably are not to be expected in it. Sandstone layers 
suitable for oil and gas pools are abundant in the Blackleaf sandy 
member of the Colorado shale and in the Kootenai formation, and 
showings of oil and gas from these layers are reported in many wells. 
These formations are made up largely of fresh-water sediments and 
probably do not contain as much disseminated oil as marine forma- 
tions. Nevertheless, the Sunburst sand, at the base of the Kootenai 
formation, carries some productive pools of oil or gas on the Kevin- 
Sunburst dome, and large flows of gas have been found in both the 
Blackleaf member and the Kootenai formation. 

The Ellis formation was laid down in a sea which advanced over the 
eroded surface of the Madison limestone and in the vicinity of the 
Kevin-Sunburst dome consists mainly of compact limy shale in which 
porous beds are rare. Porous beds, however, are commonly found at 
the contact of the Ellis and Madison, owing to the weathering of the 
Madison limestone and to the nature of the débris incorporated in the 
basal part of the Ellis. The beds at this very variable horizon con- 
stitute the basal "sand" of the Ellis formation, from which most of 
the Kevin-Sunburst oil is obtained. The Ellis formation contains 
fossil remains of marine animals and plants deposited in a rather 
shallow sea richly charged with lime. Samples of drill cuttings show 
that parts of the Ellis contain a considerable quantity of disseminated 
oil, and the formation might have been the source of the oil that is 
now being produced. 

A part of the oil usually credited to the base of the Ellis formation 
is probably held in the cavernous weathered top of the Madison lime- 
stone. Such occurrences are probably only phases of the accumulation 
of the Ellis oil and may not be indicative of its source. 

Showings of oil have been found in small vertical fissures in the 
normally compact Madison limestone, and parts of the Madison core 
of the Troy-Sweetgrass well had the pronounced disagreeable sulphur 
odor characteristic of much of the Kevin-Sunburst oil. 

A considerable quantity of black, heavy, “dead” oil is reported to 
have been found near the base of the Madison limestone in the Dry 
Fork well, north of Conrad, in sec. 2, T. 28 N., В. 3 W. Showings of 
oil and hydrocarbon gas as well as disseminated oil are reported from 
the Devonian rocks penetrated by the Troy-Sweetgrass and Frazier 
wells, in the Kevin-Sunburst field; and the Bearsden well, northeast of 

93492*—29— —9 


182 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1929, PART II 


East Butte. The Athabaska tar sands, 400 miles north of the Kevin- 
Sunburst oil field, which lie just above the Devonian, the oil found at 
points farther north in Canada; and the oily odor found in the De- 
vonian limestone of the Little Rocky Mountains all lead to the belief 
that the Devonian contains a considerable quantity of oil and may 
possibly be the source of the oil of the Kevin-Sunburst field. 

Considering the great thickness of the Madison, the oil found in the 
Ellis formation, if derived from it, may have been greatly concentrated. 
If theoil was derived from the Devonian rocks it must have migrated up- 
ward at least 800 feet, presumably through fractures in the massive hard 
Madison limestone. It is possible that the Madison limestone does 
not extend far north, on account of erosion or nondeposition, and that 
the oil there migrated from the Devonian to the base of the Ellis for- 
mation and thence southward along the unconformity for many miles. 

After deposition, pressure would drive the oil from the shale to the 
more open-textured rocks, where if water were absent it would sink 
down and accumulate in the lowest places available. If water were 
present under a hydrostatic head the oil would rise into the highest 
openings available, moving along bedding planes to the tops of domes 
or anticlines; or if the overlying impervious rocks were fissured or 
faulted it might cross the bedding planes to higher sands. The 
presence of artesian water in the Madison limestone in many of the 
wells of the Kevin-Sunburst field makes it seem improbable that oil 
from the Kootenai or Colorado formations could have migrated down- 
ward and accumulated in the Ellisshale. The oil therefore apparently 
originated in the Ellis formation or in the formations below it. 

As disseminated oil is found in each of the formation of the field, 
the oil under discussion probably originated in the Ellis formation 
and was forced by pressure into the more open-textured rocks near 
at hand. The unconformity at the base of the Ellis offered the largest 
cavities; the Sunburst sand, at the base of the Kootenai was a thicker 
but less porous rock. Owing to the diverse nature of the Ellis forma- 
tion from place to place and the varying porosity of the reservoir rocks, 
the quantities of oil held at these horizons would also vary. The two 
distinct grades of oil may be due to the fact that below the Ellis 
formation all the water contains some sulphur and has a sulphur odor, 
whereas above it most of the water is free from sulphur. The reaction 
of sulphur water and oil probably affected the character of the oil. 


POSSIBLE OIL SANDS IN THE PALEOZOIC ROCKS 


The drill core of the Troy-Sweetgrass well, in sec. 21, T. 34 N., 
R. 1 W., completed in 1922, indicated a possibility of finding oil either 
in the Madison limestone (Mississippian) or in the Devonian rocks, 
but it failed to show any sands in these formations which could be 
expected to serve as reservoirs. Attempts to find commercial quan- 
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tities of oil in lower formations than the Ellis were made in 1925 near 
the top of the Kevin-Sunburst dome, in sec. 21, T. 34 N., R. 1 W.; 
sec. 17, T. 35 N., В. 1 W.; and sec. 20, T. 33 N., В. 1 W. The Dry 
Fork well, in sec. 2, T. 28 N., R. 3 W., completed in 1923, which is 
reported to have found a small quantity of oil in the Devonian or 
perhaps in the Madison limestone, also suggests the possibility that 
oil may be found in one of these lower formations, though the wells 
so far drilled to those formations have failed to find more than traces 
of gas and oil. 

Three wells drilled in 1925 and 1926 apparently found commercial 
quantities of oil in the Madison limestone less than 100 feet below the 
Ellis formation. These wells—the Ohio-Johnson No. 1 and Queen 
City-Hanna No. 1, in sec. 18, T. 23 N., R. 1 W., and the O'Neil- 
Lashbaugh No. 5, in sec. 27, T. 35 N., R. 2 W.—struck the oil at 14, 
29, and 86 feet respectively below the Ellis, probably in parts of the 
limestone made porous by solution. Presumably the oil is similar in 
origin to that found in the Ellis. The discovery of a 3,000-barrel 
initial production at a depth of 86 feet below the top of the Madison 
will undoubtedly lead to considerable deeper drilling and may result 
in finding a lower oil horizon of commercial importance, but it would 
probably not be found at a uniform depth in that formation, for the 
bedding and structure of the Madison are probably not conformable 
with those of the Ellis. Five wells have been drilled through the 
Madison limestone on the Kevin-Sunburst dome, and these wells 
may have been placed in unfavorable positions with regard to the 
deeper structure. Not more than 30 wells have been drilled as far 
into the Madison as the O'Neil No. 5 well, which penetrated it for 
86 feet. 


POSSIBLE DISCOVERY OF OIL AND GAS OUTSIDE OF 
THE PRESENT.PRODUCING AREA 


SWEETGRASS HILLS 


The Sweetgrass Hills are a group of three separate laccolithic 
centers in the northern part of Toole County, Mont., near the inter- 
national boundary. The summit of each hill consists of one or more 
large masses of porphyry from which the sedimentary rocks dip away 
fairly steeply in all directions. In the sedimentary rocks near the 
buttes there are many dikes and sills of igneous rock, some of which 
are porphyritic and others, called minettes, have a dark color and a 
texture somewhat resembling that of mica schist. These dikes and 
sills are regarded as offshoots from the large masses of igneous rock, 
formed at the time of their intrusion or soon afterward. А laccolith 
is a peculiar type of igneous intrusion in which the molten rock, 


^ Kemp, J. F, and Billingsley, Paul, Sweetgrass Hills, Mont,; Geol. Soc, America Bull, vol. 32, 
p. 478, 1921, 
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instead of flowing out on the surface through dikes, stopped rising at 
one or more horizons in the sedimentary rocks and spread out mush- 
room-like between sedimentary beds, raising the overlying strata in 
dome-shaped uplifts.** Before erosion the sedimentary rocks probably 
formed nearly circular domes above the igneous cores, very much like 
the laccolithic domes south of the Little Rocky Mountains. Erosion 
has advanced far enough in the Sweetgrass Hills, however, to expose 
the laccoliths and to leave the upturned sedimentary rocks with their 
truncated edges exposed around the buttes. The sediments are 
broken and in places penetrated by plugs, sills, and dikes which may 
not be impervious to oil and gas and which may have altered the 
sedimentary rocks and destroyed or driven out of them any oil or 
gas that they may have contained originally. The best-known 
occurrences of oil in close proximity to igneous intrusive masses are 
in Mexico, and brief summaries of the conditions in such occurrences 
can be found in several handbooks of petroleum geology. The beds 
cut by plugs and dikes in Mexico are not uplifted so much as those in 
Sweetgrass Hills. In all the known occurrences the oil is found in the 
sedimentary rocks at or near their contact with the igneous rock and 
in small quantities in the igneous rock itself, where evidently it collected 
after the igneous rock had cooled. 

That metamorphic action has not been so intense near the Sweet- 
erass Hills as to destroy all the oil once present there is perhaps indi- 
cated, as the coal at the Piedmont mine, on the south flank of West 
Butte, near one of the laccoliths, has a carbon ratio (the fixed carbon 
as computed for the coal free from water and ash 7) of about 60 per 
cent, which is slightly lower than what is regarded as the prohibitive 
ratio above which rocks can not be expected to yield oil. The effect 
of the igneous intrusions has probably not been great enough to de- 
stroy the oil already in the sediments, and moreover the intrusions 
have domed the sedimentary rocks and may have prepared them for 
holding large subsequent accumulations of gas or oil from the sur- 
rounding country. 

An oil seep on the north flank of West Butte which has been known 
for many years was visited by W. A. English, of the United States 
Geological Survey, who reported * that the oil comes from a sand 
in the Colorado shale, which in a well 3 miles northeast of the seep 
and at the general plain level is found at a depth of 1,640 feet. Several 


м Collier, A. J., and Cathcart, S. H., Possibility of finding oil in laccolithic domes south of the Little 
Rocky Mountains, Mont.: U. 8. Geol. Survey Bull. 736, pp. 171-178, 1922. 

и Day, D. T., Handbook of the petroleum industry, vol. 1, pp. 04-07, New York, John Wiley & Sons, 
1922. Emmons, У. H., Geology of petroleum, рр. 151-152, 1921. 

* White, David, Some relations in origin between coal and petroleum: Washington Acad. Sei. Jour., 
vol. 5, No. 6, pp. 189-212, 1915. 

M Stebinger, Eugene, ОП and gas in north-central Montana; U, S, Geol. Survey Bull. 641, pp. 88-89, 
1917. (Зее also p. 289.) 
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wells, none of which reached deep enough to test the basal "sand" 
of the Ellis formation, had been drilled north of the Sweetgrass Hills 
before oil was discovered on the Kevin-Sunburst dome. The region 
is covered with glacial drift, and probably the geology was not known 
and the wells were located without reference to the structure. In the 
summer of 1923 two new wells were drilled to the Madison—one 
about 3 miles north of Whitlash, in sec. 18, T. 37 N., R. 4 E., and the 
other in sec. 12, T. 36 N., R. 5 E., on what is known as the Bearsden 
dome. "The surface at the well north of Whitlash is covered with 
glacial drift, and the formation exposed was not determined, though 
the well probably started a little above the Virgelle sandstone. 
After passing through three gas sands in the Blackleaf sandy member 
of the Colorado shale, estimated to contain over 15,000,000 cubic 
feet of gas, a showing of oil which possibly would have yielded a small 
production was struck, either in the Kootenai orin the lower part of 
the Colorado formation. The well was continued until the Madison 
limestone was reached at 2,712 feet, finding the basal “запа” of the 
Ellis formation dry. 

The Bearsden well started about 400 feet below the top of the Col- 
orado shale. The Virgelle sandstone is exposed on the east, south, 
and north sides of the Bearsden dome, but on the southwest side the 
Colorado shale probably rises about a mile to Mount Lebanon, one 
of the large masses of igneous rock of East Butte, which is about a 
mile away. Plate 16 shows the Bearsden well in close proximity to 
Mount Lebanon. The log of the well shows that gas was struck at 
several horizons in the Colorado, Kootenai, and Ellis formations. 
The largest flow, estimated at 4,000,000 cubic feet daily, was struck 
near the base of the Ellis formation. Traces of oil in the Blackleaf 
sandy member of the Colorado shale had been found at a depth of 
1,019 feet. The Madison limestone was struck at a depth of about 
2,114 feet. The well was later drilled through the Madison limestone 
to the Devonian rocks at a depth of 3,290 feet, where, it is reported, 
more gas and a show of oil were found. Gas at several horizons is 
entrapped at this place, apparently on the flank of a dome which has 
been broken and sealed by a large mass of intrusive rock, probably a 
laccolith. If the Sweetgrass Hills were carefully mapped in close 
detail other places where similar conditions prevail might be found 
where oil rather than gas would be the more abundant hydrocarbon. 
In June, 1928, about 20 deep wells had been drilled around the Sweet- 
grass Hills, 10 of which are reported to have produced initially from 
2,000,000 to 15,000,000 cubic feet of gas each. One of these wells, 
drilled on the “Flat Coulee structure" in sec. 10, T. 37 N., К. 5 E., 
is reported to have found oil in commercial quantities in the Kootenai 
and a strong flow of gas estimated at 15,000,000 cubie feet in the Ellis. 
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The total depth of this well is 2,970 feet. The top of the Colorado 
formation was reported at 498 feet. Тһе well is situated about 1 
mile north of a minette outcrop described by Kemp and Billingsley.? 


TETON RIDGE ANTICLINE 


The Teton Ridge anticline plunges from the exposures of the Madi- 
son limestone and older rocks in the Little Belt Mountains north- 
westward to the neighborhood of Bynum and Agawam. It is a 
pronounced anticline, the details of which are not well known be- 
cause of its heavy gravel cover. Between Vaughn and Bynum at 
least six wells had been drilled prior to 1927 through the Ellis for- 
mation in the hope of finding oil, but without success, though traces 
of oil are reported to have been found in the Collins well and in one 
or more of the wells near Vaughn. A well drilled northwest of Bynum, 
in sec. 34, T. 27 N., R. 6 W., and completed in January, 1926, had 
a reported initial production of 1 barrel of oil from the base of the 
Ellis formation. This well is near the site of some shallow wells 
drilled in 1923, in which gas was found at a depth of about 700 feet 
below the top of the Colorado shale, the initial flow of one of which 
was estimated at 250,000 cubic feet a day. On the south, west, and 
north sides of this well the dips of the rocks indicate a dome, but on 
3. These dips, together with the 
discovery of gas, justified the drilling of the well to test the basal 
sand of the Ellis, 

Attention was again called to 'Teton Ridge on July 21, 1927, by the 
successful completion of the Genou Oil Co.’s Speer No. 1 well in 
sec. 8, T. 25 N., R. 1 E., with a reported initial production of 30 
barrels daily. The productive sand, called the Emrick sand in 
honor of E. B. Emrick, locator of the well, is believed to be in the 
Elhs formation about 100 feet below the horizon of the Sunburst 
sand ара .is reported to Бе a porous sand 34 to 72 feet thick. By 
April 23, 1928, the productive field had been extended about half a 
mile to the northeast by the drilling of three new wells, one of which 
is believed to have an initial production of about 100 barrels. The 
field takes its name from the original Bannatine well, in sec. 3, Т. 
24 N., R. 1 E. 

On June 16, 1927, a well in sec. 17, T. 27 N., R. 4 W., brought in 
3,500,000 cubie feet of gas from the Ellis formation at a depth of 
2,065 feet and about 2 barrels of black oil from the Ellis-Madison 
contact. On March 14, 1928, the Fulton Petroleum Corporation, 
driling in sec. 16 of the same township, struck about 1,000,000 
cubic feet of gas at the Ellis-Madison contact at a depth of 2,018 
feet and oil in the Madison at a depth of 2,085 feet. The oil flows 
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ә Kemp, J. F., and Billingsley, Paul, Sweetgrass Hills, Montana; Geol. Soc. America Bull., vol. 32, 
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20 to 35 feet a day. These wells are in what is called the Pondera 
field. 

Development has not gone far enough in these fields to indicate 
whether the oil occurs in small subsidiary domes or whether its occur- 
rence is erratic, as in the Kevin-Sunburst dome. In the table of 
deep wells in the Sweetgrass arch outside of the Kevin-Sunburst 
dome showings of oil are noted in so many of the wells as to suggest 
that isolated oil pools may be found over a considerable area. 


AREA BETWEEN THE SWEETGRASS ARCH AND THE ROCKY 
MOUNTAINS 


The area between the west side of the Sweetgrass arch and the 
Rocky Mountain front has been described by Stebinger ® and most 
of the anticlines have been noted. This area includes a belt of highly 
folded and faulted rocks а extends northward along the Rocky 
Mountain front and which is about 8 miles wide near its south end, 
near the Sun River, and 20 miles wide near the international boundary. 
East of this belt there is an area of nearly horizontal rocks which are 
tilted westward at an average angle of 2° to 3°. Since 1918, the date 
of Stebinger’s last report on this region, attempts to find oil in com- 
mercial quantities have been made in T. 36 N., R. 12 W., in the dis- 
turbed belt; in T. 24 N., Rs. 6 and 7 W., in the Willow Creek anti- 
cline, a low fold in the area of flat-lying rocks; and in T, 20 N., В. 
3 W., in the Crown Butte dome where the flat-lying rocks have been 
intruded by igneous masses. 

In sec. 27, T. 36 N., R. 12 W., a well was reported as being drilled 
at a depth of 3,000 fe i on dE ı¢ 6, 1925, with an oil showing at 2,750 
feet. About 6 miles north of this well, in sec. 6, a well reached a 
depth of more than 2,000 feet and was abandoned as & dry hole in 
1922. The beds in each of these localities are so greatly folded and 
faulted that it is impossible to state what formations were penetrated. 

On the Willow Creek anticline, in T. 24 N., Rs. 6 and 7 W., three 
wells have been drilled, the deepest of which started in the Two 
Medicine formation and reached the Blackleaf sandy member of the 
Colorado shale at 3,519 feet. It would probably have reached the 
basal "sand" of the Ellis if drilled about 900 feet deeper, but that 
horizon was not known to be productive when drilling was in progress. 
The anticline appears to be worthy of a test by a well deep enough 
to reach the Madison limestone. If oil were found there it would 
justify a thorough study of the local reversed dips which Stebinger 
noted in the area of flat-lying rocks west of the Sweetgrass arch. If 
any of these areas are found to be oil bearing the result may be 


^ Stebinger, Eugene, Anticlines in the Blackfeet Indian Reservation, Mont.: U. 8. Geol Survey 
Bull. 641, pp. 281-305, 1916; Oil and gas geology of the Birch Creek-Sun River area, northwestern Montana: 
U, 8. Geol. Survey Bull, 691, pp, 149-184, 1018, 
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accepted as indicating that the circulation of the underground water 
is impeded by the belt of disturbed rocks on the west. 

The Запа Point-Berger No. 1 well, m sec. 1, Т. 35 N., R. 5 W., may 
be in one of these small anticlines due to a local reversal of the general 
westerly dip. This well is reported to have found an encouraging 
show of oil in the Kootenai formation at a depth of 2,445 feet, about 
8,000,000 cubic feet of gas in the Sunburst sand at 2,745 to 2,820 feet, 
and sulphur water in the base of the Ellis formation at 2,975 feet. If 
the depths and formations reached are correctly reported the top of 
the Madison limestone is about 600 feet lower than in the Campbell 
discovery well, or at an altitude of about 1,000 feet. 

The Crown Butte dome, in Tps. 19 and 20 N., Rs. 3 and 4 W., is also 
on the west side of the Sweetgrass arch, but it is in the north margin 
of a large area in which the Cretaceous sediments have been affected 
by intrusions and probably extrusions of igneous rocks. А small part 
of a large sill of igneous rock caps the dome just above the Virgelle 
sandstone, and there is a dike of similar rock leading south toward a 
large intrusive mass called Birdtail Butte. The dome has been tested 
by two wells, the deeper of which started near the top of the Colorado 
shale and reached a depth of 2,230 feet. It is reported that this well 
stopped in the Blackleaf sandy member of the Colorado. The depth 
is sufficient, provided the beds are not disturbed, to reach the Koote- 
nai formation within a few feet. 


POSSIBLE OIL AND GAS OCCURRENCES NOT DIRECTLY 
CONTROLLED BY GEOLOGIC STRUCTURE 


The facts that the best production of oil on the Kevin-Sunburst 
dome has been obtained on its north side 4 to 10 miles from its crest 
and that the crest is apparently almost barren of oil lead to the 
conclusion that the structure is not pronounced enough to collect 
the oil, that the sands vary greatly either in thickness or porosity 
from place to place, trapping the oil locally regardless of the struc- 
ture, or that the oil has come from a lower source by way of fissures 
and that the pools are related to these fissures rather than to any 
structure observable at the surface and hence can not be found except 
by the drill. Any one of these conditions may be responsible for the 
apparently erratic occurrence of the oil in the Kevin-Sunburst dome, 
and the drilling of many other wells where no structural disturbance 
is apparent, though highly hazardous, may lead to further discoveries. 

The Beck well, in sec. 18, T. 32 N., К. 4 Е., is so far down on the 
east flank of the Kevin-Sunburst dome that it could not have col- 
lected gas or oil on account of that dome, and yet the drill found a 
large but as yet undetermined quantity of gas, probably in the basal 
“sand” of the Ellis formation. No minor structural feature capable 
of holding gas or oil can be positively recognized at this well, for the 
surface is deeply covered by glacial drift. 
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At the Genou well, in sec. 21, T. 26 N., R. 4 E., a strong snowing 
of oil is reported in the basal *sand" of the Ellis. This well is near the 
bottom of a long structural slope leading northward from Great Falls, 
and there is no evidence of a local fold to explain the presence of the oil. 

The McQue well, in the NW. 14 sec. 32, T. 26 N., R. 2 E., about 
14 miles southwest of the Genou well, was completed in May, 1925. 
It ended at a depth of 1,985 feet, with limestone and shale at the 
bottom. It probably reached at least the basal “sand” of the Ellis 
formation, Water had been struck at two horizons in the Blackleaf 
sandy member of the Colorado, and at a depth of 1,770 feet water 
filled the hole. Coming with the water was a show of oil which rose in 
small globules and spread over the surface in thin, rainbow-like films. 

The Montana Giant well, in sec. 30, T. 23 N., R. 4 E., about 
halfway between the Genou well and Great Falls, yielded much oil- 
bearing sand, but oil or gas in paying quantities was not found. 
The oil found in this sand may be a residue from migrating oil. 

The Twenty Dollar Bill well, in sec. 9, and the Transcontinental 
well in sec. 8, Т. 23 N., R. 9 Е., each penetrated as far as the Madison 
limestone and in each some gas and showings of oil were reported, 
but both these wells are abandoned and are yielding large flows of 
sulphur water. 

The Dry Fork well, in sec. 2, T. 28 N., 8. 3 W., about 3 miles 
north of Conrad, is reported to have reached the Madison limestone 
at 2,140 feet, where sulphur water was struck. A strong flow of 
fresh water was reached at 2,620 feet, and a 27-foot sand was reported 
to have been reached at 2,620 feet, from which a small quantity of 
black sulphur-free oil was obtained. The oil rose from 40 to 60 
feet in the hole during a night. The gravity of the oil is estimated 
at 20? to 25° Baumé. This oil must be either in a fissure in the 
Madison limestone or, as seems more likely, in a Devonian sandstone 
not found in the oil field. If it is in the Devonian the thickness of 
the Madison is not more than 600 feet at this place. The Dry Fork 
well is near a “low” area in the crest of the Sweetgrass arch, called 
by the writer the Conrad saddle. The top of the Madison limestone 
at the well is about 1,200 feet above the sea, whereas at the summit 
of the Kevin-Sunburst dome it is about 2,100 feet. 

In the light of this evidence it will be necessary to drill many 
wildeat holes before many parts of the arch outside of the Kevin- 
Sunburst dome can be definitely declared to be barren. "There are 
several entire townships in which no drilling has yet been done and 
in which some oil may possibly be found. Experience on the Kevin- 
Sunburst dome has shown that even should one well be barren, 
another well a short distance away may be productive, and also, 
unfortunately, that the contrary is equally true. 


